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(54) Liquid crystal device and liquid crystal apparatus 



(57) A liquid crystal device is constituted by a pair 
of substrates each having thereon an electrode, and a 
smectic liquid crystal having a plurality of smectic liquid 
crystal layers disposed between the substrates. The 
smectic liquid crystal is disposed to form a first region 
wherein the smectic liquid crystal layers are aligned to 
have a layer inclination angle smaller than a calculated 
layer inclination angle based on a temperature-depend- 
ent layer spacing-changing characteristic or are aligned 



in a direction perpendicular to the substrates to form a 
bookshelf structure, and a second region wherein the 
smectic liquid crystal layers are aligned to form a chev- 
ron structure having a substantial layer inclination angle 
or having a layer inclination angle substantially equal to 
a calculated layer inclination angle based on a temper- 
ature-dependent layer spacing-changing characteristic. 
The liquid crystal device having the first an second re- 
gions described above is effective in improving a con- 
trast ratio and a driven margin parameter. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

5 The present invention relates to a liquid crystal device using a smectic liquid crystal for use in light-valves for flat- 

panel displays, projection displays, printers, etc. The present invention also relates to a liquid crystal apparatus, par- 
ticularly a liquid crystal display apparatus, using the liquid crystal device. 

As a type of a liquid crystal device widely used theretofore, there has been known a liquid crystal device, including 
a type using a twisted nematic (TN) liquid crystal as disclosed by M. Schadt and W. Heffrich, "Applied Physics Letters', 

10 Vol. 18, No. 4 (February 17, 1971), pp. 127 - 128. 

The liquid crystal device using a TN-liquid crystal includes a simple matrix-type liquid crystal device which is ad- 
vantageous from a viewpoint of easy device preparation and production cost. This type of liquid crystal device is how- 
ever accompanied with a problem that it is liable to cause crosstalk when driven in a multiplex manner by using an 
electrode matrix of a high pixel density, and therefore the number of pixels is retracted. Further, such a liquid crystal 

15 device provides a slow response speed of 10 milli-seconds or above, thus being only applicable to restricted uses for 
displays. 

In contrast with such a simple matrix-type liquid crystal device, a TFT-type liquid crystal device has been developed 
in recent years, wherein each pixel is provided with and driven with a TFT (thin film transistor). As a result, the problems 
of crosstalk and response speed can be solved but, on the other hand, a larger area device of the type poses an 

20 extreme difficulty in industrial production thereof without inferior pixels. Further, even if such production is possible, 
the production cost can be increased enormously. 

For providing improvements to the above-mentioned difficulties of the conventional types of liquid crystal devices, 
a liquid crystal device using a liquid crystal exhibiting bistability, has been proposed by Clark and Lagerwall (Japanese 
Laid-Open Patent Application (JP-A) 56-107216, U.S. Patent No. 4,367,924). As the liquid crystal exhibiting bistability, 

25 a chiral smectic or ferroelectric liquid crystal having chiral smectic C phase (SmC*) is generally used. Such a chiral 
smectic (ferroelectric) liquid crystal has a very quick response speed because it causes inversion switching based on 
its spontaneous polarization. Thus, the chiral smectic liquid crystal develops bistable states showing a memory char- 
acteristic and further has an excellent viewing angle characteristic. Accordingly, the chiral smectic liquid crystal is 
considered to be suitable for constituting a display device or a light valve of a high speed, a high resolution and a large 

30 area. 

Such a chiral smectic liquid crystal is accompanied with problems, such as the occurrence of zigzag-shaped align- 
ment defects leading to a remarkable lowering in contrast (as described in, e.g., "Structures and Properties of Ferro- 
electric Liquid Crystals" (in Japanese) authored by Atsuo Fukuda and Hideo Takezoe; Corona Publishing Co. Ltd., 
(1990)). The defects are considered to be attributable to a smectic layer structure of a chiral smectic liquid crystal 

35 including two types of chevron structures different in bending direction between a pair of substrates and its bending 
angle (i.e., a layer inclination angle 5 based on the substrate normal). 

In recent years, there have been studied a method for forming a liquid crystal layer structure not of the bent chevron 
structure having the above defects but of a bookshelf structure wherein smectic liquid crystal layers are substantially 
perpendicular to the substrate or a structure close thereto, thereby realizing a liquid crystal device providing a high 

40 contrast. 

For instance, as a liquid crystal material providing a bookshelf structure or a structure close thereto, a mesomorphic 
compound having a perfluoroalkyl ether terminal chain (U.S. Patent No. 5,262,082), a liquid crystal composition con- 
taining such a mesomorphic compound (Marc D. Raddiffe et al. The 4th International Ferroelectric Liquid Crystal Con- 
ference, p-46 (1993)), etc., have been proposed. By using such a liquid crystal material, it is possible to provide a 
45 bookshelf structure or a similar structure having a small layer inclination angle based on properties of the liquid crystal 
material per se. 

However, according to our detailed observation, an inclination angle 5 of a smectic layer is essentially generated 
due to a temperature dependence of a change in layer spacing, i.e., width of respective smectic layers and therefore 
has a certain value which is below several degrees but not zero degrees. Accordingly, in case where an alignment 

so control is not effected sufficiently and precisely, disclination lines due to discontinuity of a layer structure in the presence 
of the bent smectic layers are confirmed although the above-mentioned zig-zag defects due to the chevron structure 
are not confirmed clearly in many cases. 

In case where a liquid crystal device having such a liquid crystal-aligning characteristic is used as a display device 
of a simple matrix-driving scheme, when data signals similar to alternating signal are applied continuously, increases 

55 in reverse domains of liquid crystal molecules generated from the above disclination lines and in a degree of fluctuation 
in molecular position on a switching cone are caused. As a result, the liquid crystal device has provided a small drive 
margin and has caused a phenomenon such that a contrast at the time of driving is abruptly decreased. 
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SUMMARY OF THE INVENTION 

In view of the above-mentioned circumstances, an object of the present invention is to provide a liquid crystal 
device using a chiral smectic liquid crystal or ferroelectric liquid crystal capable of providing a high contrast and a large 
5 drive margin and capable of suppressing a lowering in contrast at the time of drive of the device. 

Another object of the present invention is to provide a liquid crystal apparatus using the liquid crystal device. 
According to a first aspect of the present invention, there is provided a liquid crystal device, comprising: a pair of 
substrates each having thereon an electrode, and a smectic liquid crystal having a plurality of smectic liquid crystal 
layers disposed between the substrates, wherein 
10 the smectic liquid crystal is disposed to form a first region wherein the smectic liquid crystal layers are aligned 

to have a layer inclination angle smaller than a calculated layer inclination angle based on a temperature-dependent 
layer spacing-changing characteristic, and a second region wherein the smectic liquid crystal layers are aligned to 
form a chevron structure having a substantial layer inclination angle. 

According to a second aspect of the present invention, there is provided a liquid crystal device, comprising: a pair 
15 of substrates each having thereon an electrode, and a smectic liquid crystal having a plurality of smectic liquid crystal 
layers disposed between the substrates, wherein 

the smectic liquid crystal is disposed to form a first region wherein the smectic liquid crystal layers are aligned 
to have a layer inclination angle smaller than a calculated layer inclination angle based on a temperature-dependent 
layer spacing-changing characteristic, and a second region wherein the smectic liquid crystal layers are aligned to 
20 form a chevron structure having a layer inclination angle substantially equal to a calculated layer inclination angle 
based on a temperature-dependent layer spacing-changing characteristic. 

According to a third aspect of the present invention, there is provided a liquid crystal device, comprising: a pair of 
substrates each having thereon an electrode, and a smectic liquid crystal having a plurality of smectic liquid crystal 
layers disposed between the substrates, wherein 
25 the smectic liquid crystal is disposed to form a first region wherein the smectic liquid crystal layers are aligned 

in a direction substantially perpendicular to the substrates to form a bookshelf structure, and a second region wherein 
the smectic liquid crystal layers are aligned to form a chevron structure having a substantial layer inclination angle. 

According to a fourth aspect of the present invention, there is provided a liquid crystal device, comprising: a pair 
of substrates each having thereon an electrode, and a smectic liquid crystal having a plurality of smectic liquid crystal 
30 layers disposed between the substrates, wherein 

the smectic liquid crystal is disposed to form a first region wherein the smectic liquid crystal layers are aligned 
in a direction substantially perpendicular to the substrates to a form a bookshelf structure, and a second region wherein 
the smectic liquid crystal layers are aligned to form a chevron structure having a layer inclination angle substantially 
equal to a calculated layer inclination angle based on a temperature-dependent layer spacing-changing characteristic. 
35 The present invention further provides liquid crystal apparatus including one of the above-mentioned liquid crystal 

devices of the first to fourth aspects and a drive means for driving the device. 

These and other objects, features and advantages of the present invention will become more apparent upon a 
consideration of the following description of the preferred embodiments of the present invention taken in conjunction 
with the accompanying drawings. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic sectional view of an embodiment of a liquid crystal device according to the present invention. 

Figure 2 is a block diagram showing a display apparatus comprising a liquid crystal device of the present invention 
45 and a graphic controller. 

Figure 3 is a time chart of image data communication showing time correlation between signal transfer and driving 
with respect to a liquid crystal display apparatus and a graphic controller. 

Figure 4 is an illustration of a display pattern obtained by an actual drive using the time-serial waveforms shown 
in Figure 6B. 

50 Figure 5 is a plan view of an electrode matrix. 

Figure 6A shows an embodiment of unit driving waveforms and Figure 6B is time-serial waveforms comprising a 
succession of such unit waveforms. 

Figure 7 is a V-T characteristic chart showing a change in transmittance under application of different drive voltages. 

Figure 8 is a schematic view of an X-ray diffraction apparatus used in Experimental Examples as to the present 
55 invention. 

Figures 9 - 13 are respectively a chart showing an X-ray profile of a liquid crystal within a liquid crystal device 
measured in Experimental Examples, as to the present invention. 

Figure 14 is a set of drive waveforms used for measurement of a contrast in Experimental Examples as to the 
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present invention. 

Figure 15 is a schematic view of illustrating a drive margin (M2 margin). 

Figures 16A, 16B and 16C are respectively a schematic illustration of a smectic layer structure wherein Figure 
16A shows a conventional chevron structure; Figure 16B shows a bookshelf structure in a first (P1) region and a 
chevron structure in a second (P2) region wherein smectic liquid crystal layers are bent in the same direction, with 
respect to a smectic liquid crystal incorporated in the liquid crystal device of the present invention; and Figure 16C 
shows a bookshelf structure in a first (P1) region and a chevron structure in a second (P2) region wherein smectic 
liquid crystal layer are bent in different two directions, with respect to a smectic liquid crystal incorporated in the liquid 
crystal device of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The liquid crystal device according to the present invention has an optical modulation region (e.g., a display region) 
including a first region and a second region different in an alignment characteristic in a specific areal ratio by appro- 
15 priately selecting and controlling several factors, such as a liquid crystal material, an alignment control film material 
and its thickness, an aligning treating method and production conditions (e.g., a cooling rate and an application of 
external electric field). 

The first region is a region wherein a smectic liquid crystal (particularly a chiral smectic liquid crystal composition) 
has a plurality of smectic (liquid crystal) layers providing a layer inclination angle smaller than a calculated layer incli- 
ne nation angle calculated based on a temperature-dependent layer spacing changing characteristic (in the devices ac- 
cording to the first and second aspects described above) or a region wherein a smectic liquid crystal layers are aligned 
in a direction substantially perpendicular to substrates to form a bookshelf structure (in the devices according to the 
third and fourth aspects described above). 

On the other hand, the second region is a region wherein a smectic liquid crystal layers are aligned to form a 
25 chevron structure having a substantial inclination angle (in the devices of the first and third aspects) or having a layer 
inclination angle substantially equal to a calculated layer inclination angle calculated based on a temperature depend- 
ent layer spacing changing characteristic (in the devices of the second and fourth aspects). 

In the present invention, in addition to the second region described above, the first region described above is 
clearly present in the optical modulation region in a certain areal ratio, whereby minute alignment defects are minimized 
30 or suppressed to provide a good alignment characteristic with accuracy. As a result, the liquid crystal device effectively 
realize a high contrast ratio and an improved drive margin to enhance its display characteristic. 

Herein, the term 'chevron structure 0 in the second region means a layer structure wherein respective smectic liquid 
crystal layers are bent at an intermediate point (generally at a midpoint) thereof between a pair of substrates to provide 
a layer inclination angle of above 3 degrees, preferably above 3 degrees to at most 7 degrees. In the second region 
35 composed of the chevron structure, the layer inclination angle is substantially equal to the calculated layer inclination 
angle, i.e., at least 80 % of the calculated layer inclination angle. 

On the other hand, the term "bookshelf structure" in the first region means a layer structure wherein respective 
smectic layers extend substantially without bending in a direction substantially perpendicular to the pair of substrates. 
The first region may also comprise a smectic layer structure closer to the bookshelf structure which may be some- 
40 times called herein a "quasi-bookshelf structure" wherein the smectic liquid crystal layers are aligned to have a layer 
inclination angle which is smaller than the calculated layer inclination angle, preferably below 80 % of the calculated 
layer inclination angle or at most 3 degrees. As far as the above layer inclination angle characteristic is satisfied, the 
smectic liquid crystal layers can be bent between the substrates. 

In the present invention, the layer inclination angle is an angle formed by inclined or tilted smectic layers and a 
45 normal to a pair of parallel substrates when a smectic liquid crystal is disposed between the pair of substrates. 

The "layer inclination angle" represented by a symbol 5 (or 5x-ray) is determined based on values at a measurement 
temperature (e g , 30 °C) obtained from an X-ray diffraction pattern in X-ray diffraction analysis basically similar to the 
method used by Clark and Lagerwall (Japan Display '86, Sept. 30 - Oct. 2, 1986, p.p. 456 - 458) or the method of 
Ohuchi et al (J.J.A.P, 27 (5) (1988), p.p. L725 - L728). 
so The "calculated layer inclination angle" represented by a symbol 5 (or Seal) is calculated and determined from the 

following equation: 



5(5cal) = cos* 1 (dc/dTAC), 

wherein dc represents a layer spacing a distance between adjacent smectic layers at a measurement temperature (e. 
g 30 °C) obtained through X-ray diffraction analysis in combination with the Bragg's formula and dTAC represents a 
layer spacing at a phase transition temperature from smectic A (SmA) phase to (chiral) smectic C (SmC<*>) phase 
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obtained through X-ray diffraction analysis in combination with the Bragg's formula. 

Particularly, in the liquid crystal devices according to the first, second and fourth aspects of the present invention, 
a co-present state of the first and second regions is appropriately controlled so that the layer inclination angle Sx-ray 
and the calculated layer inclination angle 5cal satisfy a specific relationship, thus attaining excellent device character- 
5 istics. 

In the liquid crystal device (according to the fist to fourth aspects) of the present invention, the first region may 
preferably have an areal ratio of at least 10 % based on an entire effective optical modulation region (display region), 
thus effectively providing a good alignment state as a whole within the devices to improve a contrast ratio and a drive 
margin. Further, in the second region (wherein the liquid crystal is aligned to form a chevron structure), the substantial 
to layer inclination angle 5x-ray may preferably at most 7 degrees, more preferably 3 - 7 degrees. 

In a preferred embodiment, in a step of filling and cooling the liquid crystal devices according to the first to fourth 
aspects of the present invention, the smectic liquid crystal may desirably be supplied with an external electric field in 
a whole smectic A (SmA) phase-providing temperature rang (set by, e.g., a gradual cooling after injecting the liquid 
crystal in an isotropic liquid state or a phase transition from a higher-order phase (than SmA phase) to SmA phase), 
is whereby the first region (in which the relationship of: Sx-ray < 5cal is satisfied or the liquid crystal is aligned perpendicular 
to the substrate to form a bookshelf structure) is remarkable increased in an areal ratio, particularly an areal ratio of 
at least 40 % based on the entire effective optical modulation region. In other words, the layer structure of the smectic 
liquid crystal can be controlled by applying an electric field in SmA phase. 

In this case, the electric field application is effected in SmA phase wherein the liquid crystal does not have a 
20 spontaneous polarization. Accordingly, the above areal ratio-increasing effect may presumably be attributable to an 
electroclinic effect caused by the electric field application in SmA phase. 

The electric field application in SmA phase may preferably be performed for at least 1 minute in a whole temperature 
range providing SmA phase (a temperature range from a phase transition temperature where a higher order phase 
(than SmA phase) is changed to SmA phase to a phase transition temperature (T AC ) where SmA phase is changed 
25 to chiral smectic C (SmC*) phase). The whole temperature range may preferably be at least t °C and may more 
preferably include a temperature T higher than T AC by 5 °C (T-T AC = 5 °C). 

The applied electric field may preferably include a voltage of at least 5 V and a relatively low frequency of at most 
1 kHz. 

Hereinbelow, the liquid crystal device of the present invention will be described specifically with reference to Figure 

30 1. 

Figure 1 is a schematic sectional view of an embodiment of the liquid crystal device for explanation of the structure 
thereof. 

Referring to Figure t, the liquid crystal device includes a liquid crystal layer 1 comprising a smectic liquid crystal, 
preferably a chiral smectic liquid crystal composition disposed between a pair of substrates 2 each having thereon a 
35 group of transparent electrodes 3 for applying a voltage to the liquid crystal layer 1 and an alignment control layer 4. 
The periphery of the substrates 2 is sealed up with a sealing agent. Outside the substrates 2, a pair of polarizers 8 are 
disposed so as to modulate incident light l 0 from a light source 9 in cooperation with the liquid crystal 1 to provide 
modulated light I. 

The liquid crystal layer 1 may preferably have a thickness (corresponding to a cell gap) of at most 5 urn in order 
40 to realize bistability as in the above-described Clark and Lagerwall-type cell. Each of two substrates 2 comprise a high 
transparent material such as glass or plastic and is coated with a transparent electrode 3 having a prescribed pattern 
(e.g., stripe pattern) and comprising a transparent elect roconductive film of e.g., ITO (indium-tin-oxide) to form an 
electrode plate. On at least one of the substrates 2, the alignment control layer 4 affecting an alignment state of the 
liquid crystal is formed. Examples of a material for the alignment control layer 4 may include: an inorganic material, 
45 such as silicon monoxide, silicon dioxide, aluminum oxide, zirconium oxide, magnesium fluoride, cerium oxide, cerium 
fluoride, silicon nitride, silicon carbide, or boron nitride; and an organic material, such as polyvinyl alcohol, polyimide, 
polyamide-imide, polyester, polyamide, polyester-imide, polyparaxylylene, polycarbonate, polyvinyl acetal, polyvinyl 
chloride, polystyrene, polysiloxane, cellulose resin, melamine resin, urea resin or acrylic resin. The alignment control 
layer 4 formed on at least one of the substrate 1 may desirably be subjected to a uniaxial aligning treatment (e.g., 
50 rubbing treatment). 

The uniaxial aligning-treated alignment control layer is, e.g., formed on the substrate (or a prescribed layer formed 
thereon) by applying a solution containing the above inorganic or organic material or by vapor deposition or sputtering 
of such materials. The surface of thus prepared alignment control layer 4 is subjected to a prescribed uniaxial aligning 
treatment, e.g., by rubbing the surface with a fibrous material such as velvet, cloth or paper. The (uniaxial aligning- 
55 treated) alignment control layer 4 may be formed by an oblique vapor deposition method wherein a film of an oxide 
such as Si0 2 or an nitride is vapor-deposited on the substrate(s) from an oblique direction to the substrate. 

The alignment control layer 4 may preferably have a thickness of at most 200 A, more preferably 100 A, in order 
to improve a switching performance since such a thin alignment control layer is effective in lowering a magnitude of a 
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reverse electric field caused by switching of a spontaneous polarization Ps. 

in the present invention, the alignment control layers 4 formed on the pair of substrates 1 may preferably be 
subjected to mutually different aligning treatments depending on kinds of the liquid crystal material used. The liquid 
crystal material (or liquid crystal composition) can include a compound free from cholesteric phase in order to provide 

5 the above-described layer inclination angle 6. In such a case, the liquid crystal used forms its alignment (orientation) 
state in a phase transition from isotropic (Iso.) phase to smectic (Sm) phase while gradually generating battonets (e. 
g., islands of smectic phase). The mutually different aligning treatments to the alignment control layers 4 are effective 
in providing the liquid crystal with a uniform alignment state since such a cell structure tends to readily bring about a 
phenomenon such that the battonets are generated from one substrate side and glow toward the other substrate side. 

10 In a more preferred embodiment, the mutually different aligning treatments may include a uniaxial aligning treatment 
to one alignment control layer and another aligning treatment (e.g., non-uniaxial aligning treatment) to the other align- 
ment control layer. Further, in case where two alignment control layers subjected to mutually different aligning treat- 
ments includes a uniaxial aligning-treated polyimide alignment control film and are used in combination with a chiral 
smectic liquid crystal composition as described hereinafter, it is possible to realize a liquid crystal device having good 

J5 driving characteristics, particularly a good two stable states-providing characteristic, a high reliability and a drive sta- 
bility. 

In view of an alignment control ability, the alignment control layer 4 formed on at least one of the substrates 1 may 
preferably comprise a polyimide film represented by the following formula (P) as a recurring unit. 

In this instance, in the case of employing the above-described mutually different aligning treatments, one alignment 
20 control layer comprises a polyimide (preferably a uniaxial aligning-treated polyimide) alignment control layer and the 
other alignment control layer comprises a film comprising a matrix material containing oxide fine particles in view of 
an alignment control characteristic. 

25 Formula (P) 

co. co\— 



30 



35 



40 



SO 



55 




in which 
Kis 



0 co-/— 




45 L 11 and L 12 independently denote 



or an alkylene group having 1 - 20 carbon atoms; 
M 11 is a single bond or -O-; and 
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a is 0, 1 or 2. 

Specific examples of the polyimide of the formula (P) include those having the following recurring 
below. 
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The alignment control layer 4 formed on at least one of the substrate 1 may include an insulating polymer film and 
a film comprising a matrix material containing oxide fine particles dispersed therein and doped with an electroconduc- 
tivity-controlling impurity, as desired. Specific examples of the oxide may include those containing group II elements, 
such as ZnO, CdO, and ZnCdOx; and those containing group IV elements, such as Ge0 2 , Sn0 2 , GeSnOx, Ti0 2 , Zr0 2 

35 and TiZiOx. Specific examples of the electroconductivity-controlling impurity may include: an n-type impurity of group 
III elements, such as B, Al, Ga and In, and a p-type impurity of group I element, such as Cu, Ag, Au and Li, each for 
the oxides of group II elements described above; and an n-type impurity of group V element, such as R As, Sb and 
Bi, and a p-type impurity of group III element, such as B, CI, Ga and In, each for the oxides of group IV elements 
described above. Preferred examples of the film may include a coating-type film comprising matrix material, such as 

40 silica or siloxane polymer, containing, e.g., dispersed Sn0 2 fine particles doped with, e.g., Sb, as desired. 

In the present invention, the two alignment control layers 4 may preferably include a uniaxial aligning-treated 
polyimide film and a (coating-type) film wherein oxide fine particles (doped with an electroconductivity-controlling im- 
purity) are uniformly dispersed in a matrix material as described above. 

The liquid crystal device of the invention may further comprise a short circuit-preventing layer for the pair of sub- 

45 strates such as an insulating layer, an inorganic material layer and an organic material layer other than those for the 
above-mentioned alignment control layer 4. The pair of substrates 2 are held to have a prescribed (but arbitrary) gap 
(e.g., at most 5 um) with a gap-controlling spacer 5 of, e.g., silica beads. A voltage is applied to the liquid crystal layer 
1 in accordance with a switching signal from a signal power supply (not shown), thus effecting switching. As a result, 
the liquid crystal device functions as a light valve for a display device. Further, in case where two groups of electrodes 

so are arranged in matrix (so as to intersect with each other, e.g., at right angles) on the pair of substrates, it is possible 
to perform pattern display and pattern exposure, so that the liquid crystal device is used as a display device for a 
personal computer, a word processor, etc., or a light valve for a printer. 

In the liquid crystal devices of the present invention, the liquid crystal layer 1 may preferably comprise a chiral 
smectic liquid crystal composition. 

ss The chiral smectic liquid crystal composition may desirably contain at least one species of a fluorine-containing 

mesomorphic compound which preferably has a structure including a fluorocarbon terminal portion and a hydrocarbon 
terminal portion connected by a central core and has smectic phase or latent smectic phase. The term "latent smectic 
phase" refers to a property of a compound concerned that the compound alone does not exhibit smectic phase but 
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75 



20 



25 



can be a component compatibly contained in smectic phase of a liquid crystal composition. 

In a preferred class of the fluorine-containing mesomorphic compound, the fluorocarbon terminal portion may 
preferably be: 

a group (perfluoroalkyl-type terminal portion) represented by the formula -D 1 -C^F^-X, where xa is 1 - 20; X is 
-H or -F; -D 1 - is -CO-0-(CH 2 ) m -, -0-(CH 2 ) ra -, -(CH 2 ) ra -, -0-S0 2 -, -S0 2 -, -S0 2 -(CH 2 ) ra -, -0-(CH 2 ) ra -0-(CH 2 ) rb -, 
-(CH 2 ) ra -N(C pa H 2pa+1 )-S0 2 - or -(CH 2 ) ra -N(C pa H 2pa+1 )-CO-; where ra and rb are independently 1 - 20; and pa is 0 
- 4; or 

a group (perfluoroalkyl ether-type terminal portion) represented by -D 2 -(C xb F 2 
10 independently for each (C xb F 2xb -0); ya is 1 - 10; za is 1 - 10; -D 2 - is -CO-0-C r< 



r 2xb"°)za" C ya F 2ya+l 



2rc 



wherein xb is 1 - 
-0-C rr Ho rr - -C rr Ho r --, -O- 



■ — " I / \ AU CAU — /' / ' ~ — ■ » 1 - — 

(CsaH 2 sa-°)ta- C rd H 2rd-. -O-SOfc-. -S0 2 -, -S0 2 -C rc H 2rc -, ^ rc H 2rc -N(C pb H 2pb+1 )-S0 2 -, ^ c H 2rc -N(C pb H 2pb+1 J-CO-, 
or a covalent bond, where rc and rd are independently 1 - 20; sa is independently 1- 10 for each (C^H^-O); ta 
is 1 - 6; and pb is 0 - 4. 

In the case of a mesomorphic compound having a perfluoroaikyl-type terminal portion, the mesomorphic compound 
may preferably have a central core comprising at least two aromatic, heteroaromatic, cycloaliphatic, or substituted 
aromatic, heteroaromatic, or cycloaliphatic rings. The aromatic or heteroaromatic ring may be selected from fused 
aromatic, heteroaromatic, or non-fused aromatic or heteroaromatic rings, and the rings may be connected one with 
another by means of functional groups selected from -COO-, -COS-, -HC=N-, -COSe-. Heteroatoms within the heter- 
oaromatic ring comprise at least one atom selected from N, O or S. 

In the case of a mesomorphic compound having a perfluoroalkyl ether-type terminal portion, the mesomorphic 
compound may preferably have a central core comprising at least two rings independently selected from aromatic, 
heteroaromatic, cycloaliphatic, or substituted aromatic, heteroaromatic, or cycloaliphatic rings, connected one with 
another by a covalent bond or by groups selected from -COO-, -COS-, -HC=N-, -COSe-. Rings may be fused or non- 
fused. Heteroatoms within the heteroaromatic ring comprise at least one atom selected from N, O or S. Non-adjacent 
methylene groups in cycloaliphatic rings may be substituted by O or S atoms. 

It is particularly preferred to use a fluorine-containing mesomorphic compound of the following general formula (I) 
or general formula (II): 



30 



35 



Formula (I) : 



R 1 -(A 1 ) ga -L 1 -(^ 2 ) ha -L 2 -(A 3 ) ia -J 1 -R 2 



3a 



ma 



i. 



na 
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45 



wherein A 1 , A 2 and A 3 are each independently 



hi . co>. 




. XoYoT. 




so 





N^;N 

9 



V 



cr N« 




ga, ha and ia are independently an integer of 0 - 3 with the proviso that the sum of ga+ha-f ia be at least 2; 
ss U and L 2 are each independently a covalent bond, -CO-O-, -O-CO-, -COS-, -S-CO-, -CO-Se- ( -Se-CO-, -CO-Te-, 

-Te-CO-, -CH 2 CH 2 -, -CH=CH-, -C^C-, -CH=N-, -N=CH-, -CH 2 -0-, -0-CH 2 -, -CO- or -O-; 
X 1 , Y 1 and Z 1 are each a substituent of A 1 , A 2 and A 3 , respectively, and each X 1 , Y 1 and Z 1 are independently -H, 
-CI, -F, -Br, -I, -OH, -OCH3, -CH 3 , -CN or -N0 2 ; 
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each ja, ma and na are independently an integer of 0 - 4; 

Ji is -CO-0-(CH 2 ) ra -, -0-(CH 2 ) ra -, -(CH 2 ) m -, -0-S0 r , -S0 2 -, -S0 2 -(CH 2 ) ra -, -0-(CH 2 ) ra -0-(CH 2 ) rb - I -(CH 2 ) ra -N 
(C pa H 2pa+1 )-S0 2 - or -(CH 2 ) ra -N(C pa H 2pa+1 )-CO-; where ra and rb are independently 1 - 20, and pa is 0 - 4; 
Ri is -0-C qa H 2qa -0-C qb H 2qb+1 , -C qa H 2qa -0-C qb H 2qb+1l -C qa H 2qa -R 3 <>C qa H 21qa -R 3 , -COO-C qa H 2qa -R 3 , or -O- 
CO-C qa H 2qa -R 3 which may be either straight chain or branched; where R 3 is -0-CO-C qb H 2qb+1 , -CO-0-C qb H 2qb+1 , 
-H, -CI, -F, -CF 3 , -N0 2 or -CN; and qa and qb are independently 1 - 20; 
R 2 is C^F^X, where X is -H or -F, xa is an integer of 1 - 20. 

Formula (II) : 



R 4 -(A 4 ) gb -L 3 -(A 5 )hb -L 4 -(A 6 ) ib -J 2 -R 5 
x jb Y mb z nb 

wherein A 4 , A 5 and A 6 are each independently 




j0 . O . Colo) . JOT . 







N^N N^N cAo 



35 gb, hb and ib are each independently an integer of 0 - 3 with the proviso that the sum of gb+hb+ib be at least 2; 

each L 3 and L 4 are independently a covalent bond, -CO-O-, -O-CO-. -CO-S-, -S-CO-, -CO-Se- 5 -Se-CO-, -CO-Te-, 
-Te-CO-, -(CH 2 CH 2 ) ka - (ka is 1 - 4), -CH=CH-, -OC-, -CH=N-, -N=CH-, -CH 2 -0-, -0-CH 2 -, -CO-or -O-; 
X 2 , Y 2 and 2 2 are each a substituent of A 4 , A 5 and A 6 , respectively, and each X 2 , Y 2 and Z 2 are independently -H, 
-CI, -F, -Br, -I, -OH, -OCH3, -CH 3> -CF 3 , -0-CF 3 , -CN or -N0 2 ; each jb, mb and nb are independently an integer of 

40 0 - 4; 

J 2 is -CO-O-CJH^-, -0-C rc H 2r -, -C rc H 2rc -, -0-(C JHa^-O^-C^^r, -0-S0 2 -, -SO r , -S0 2 -C rc H 2fC -, -C rc H 2rc -N 
(C pb H 2pb+1 )-S0 2 - or -C re H 2rc -N(C pb H 2pb+1 )-CO-; rc and rd are independently 1 - 20; sa is independently 1 - 10 for 
each (CsaHaaa-O). ta is 1 - 6; pb is 0 - 4; 

R 4 is -0-(C qc H 2qc -0) wa -C qd H 2qd+1 , -(C qc H 2qc -0) wa -C qd H 2qd+1> -C qc H 2qc -R6 -0-C qc H 2qc -R6 -CO-0-C qc H 2qc -R*, 
45 or 0-CO-C qc H 2qc -R 6 which may be either straight chain or branched; R 6 is -0-CO-C qd H 2qd+1 ; -CO-0-C qd H 2qd+1 , 

-CI, -F, -CF 3 , -N0 2 , -CN or -H; qc and qd are independently an integer of 1 - 20; wa is an integer of 1 - 10; 
R 5 is (C xb F 2xb -0) za -C ya F 2ya F 2ya+1 , wherein xb is independently 1 - 10 for each (C^F^-O); ya is 1 - 10; and za is 
1 - 10. 

so The compounds represented by the general formula (I) may be obtained through a process described in U.S. 

Patent No. 5,082,587 (corr. to JP-A 2-142753). Specific examples thereof are enumerated below. 
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1-4 



1-5 



1-7 



0 
II 



I - 2 C s F,CH,0 -@>- CS -<§>- 



0 

I - 3 C,F l5 CH,0-<(^>- CS ~<@>- OCH, 



C s F 7 CH,0 — OC — OCoHz, 



O 



CF 3 CH 2 0 — OC OCoHa, 



1-6 CFuCHiO— OC OCoHa, 



CrFwC^O— <^>— OC ~<Q>— OC,oH 2 



0 

I - 8 C«F, (CH*)*0 — OC -<§>— OC,oH 2l 



0 

1-9 H (CF,)*CH t O OC -<§>- OC,oH 2 , 



0 

I - 10 H (CF 2 ) 6 CHrO -<Q>— OC -<Q>— OC,oH 21 



12 



1-12 

75 

1-13 

20 

1-14 

25 

1-15 

30 



1-16 



40 

1-17 

45 

1-18 

50 

1-19 



EP 0 769 543 A1 

0 

H(CF,)„CH,0 OC -<§>- OCH,, 

0 

C.F l7 (CH 2 )„0 OC -<©>- OC,oH„ 

0 

CF3CH2O -<§>- OC -<§>- OC«H, 
0 

C s F„CH s 0-<5>- OC -©>- OCH. 

0 

C,F,CH 2 0-<g>- OC -<§>- OC,H, s 

0 

OC 0CH l3 

0 

C T F ls CH 2 0-^g>- OC -<g>- OCH l3 

0 

c 3 F T CH l o-<g>- oc -<§>- OC 8 H lT 

0 

CsFnCH.0 -<§>- OC -<g>- 0C 8 H, 7 
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I - 20 CF, 5 CH s O -<§>- OC 0CH l7 
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1-21 
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CF,CH,0 -<©>- OC C.H,. 
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CF„CH,0 -^©>- OC C.0H,, 
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1-23 
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CF.sCBtO -<§>- OC -K§>~ OCH* 
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1-24 



CF 3 CH,0 OC -<§>- OCH lT 
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1-25 
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II 



CF^HiO -/Q}- CO -<0>~~ ° C ' HlS 
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CJF s CH,0 CO 0C6Hl3 
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1-27 
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CF,CH,0 -<(3>- CO 0C « H « 
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1-28 



CJXH 2 0 C0 ° C7Hl5 
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I - 29 C 3 F 7 CH,0 -<@>- CO -<§>- 0C » H " 



O 



I - 30 CF,CHaO C ° ° C,oHi ' 

O 

I - 31 C s FtCH,0 -@>— CO -@>~ OC, 2 H» 



0 

I - 32 CsFnCHiO -@>- CO -<^— 0C 6 H IS 

0 

I - 33 C s F„CH 2 0 -<§>- CO — @>— OCH X s 

O 

I - 34 CsFmC^O -^@>- CO — ©>~ 0C 8 H,T 



O 

I - 3'5 CsFnC^O CO -<§>— OCoH, 



I - 36 CtF, s CH 2 0 -@>~ CO — <©>~ OC«H l3 



O 

I - 37 CrF IS CH 2 0 -<§>- CO — OC.H 17 
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I - 38 CF„CH 2 0 — ©>— CO -<©>— OC,oH sl 
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I - 39 H(CF 2 ) 2 CH 2 0 CO — <§>- OCH„ 
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I - 40 H(CF 2 ) s CH 2 0 CO — @>~ OCsH* 



20 



25 



1-41 



O 
II 



CFuCHiO-^)— CO -<§)— OC,oH 21 
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CsFuCH.O-^^ CO -<§>- 0C 8 H,T 
CI 
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SO 



I - 44 CFnCHiO-^ <S>— CO —<§>— °C»H,t 
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1-45 



C 2 F IS CH 2 0-^^ CO -(Q)- OC,oH 21 
CI 
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CF 15 CH J 0-<^— CO — @>- OC,oH 2l 
CI 



10 



15 



1-47 



0 
II 



C,F,CH 2 OC ~(^~ OC — @>— O c * H " 
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C,F 7 CH 2 OC ~^>- OC -^3/^~ 0C "> H " 
CI 
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1-50 CFvCHzO -<^>- CO -<^>-C = N 
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CFuCHiO-^)- CO — @>- C = N 
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I - 52 CF^CHiO CO — <©^" OCH,CF s 
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0 

CsFnCH,©-^)— OC -<^>— C S H„ 

0 

CF s CH : 0-<§>- OC ~<QMw^ 
0 

CFuCHaO -<§>- OC CtH,s 



0 

C s F„CH l O-<g>- OC -^§>^0~ CsH " 

0 

CF 7 CH,0 OC -<©>"<@>~ C «H" 

0 

cFtCHzO -<§>- co -<0> 

^ <@ H ~ OCaH,r 

0 

C^.CHiO-^g)- CO 
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I - 60 C 3 F 7 CH 2 0 — <Q 



0 



Q>— OC -<Q>- OC„H 21 
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1-61 C 3 F 7 CH 2 0 — ($J)— OC OCHu 
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I - 62 CsFuCIkO— OC OC 10 H 21 



1-63 
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C,F 7 CHaO -<§>- OC OCCH^CHCH, 

CH, 
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I - 64 CsFuCH 2 0-<(^>- OC — <Q>— 0(CH 2 ) 3 CHC 2 H s 
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I - 65 CFtCJ^O -<§>- CO -<§>- OC -<g>- OCaH„ 
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I - 66 C,F 7 CH,0 CO -<g>- OC -<§>- OCoH,, 



0 
II 



o 
II 



I - 67 C S F,CH, ^<3>- CO OC ~<§^~ 
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I - 68 C s FtCH,0 ^g>- CO -<§>- OC OC.H l7 



CI 



o o 

I - 69 CF 7 CH 2 0 CO -<§>- OC 0C8Hl7 

OCH3 



1-70 

0 O 
C s F 7 CH,0 -<Q>- CO -^g>- OC -<^>- 0(CH t ),CHC lHs 
W CHs 



0 o 

1-71 CF 3 CH,0 -^g>- CO -<^- OC -<§y- OC,oH 2 

CI 



0 o 

I - 72 CsFuCH.O-^- CO -<g>~ OC -<<D>- C.oH 2l 

CI 



0 o 

I - 73 CFuCH^- CO -@>- OC C,oH» 

CI 
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C s F,CH,0 — <§>- CO -<@>~ OC -<§>- 0CH,C 7 F 1S 
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C s F 7 CH 2 0 -<§>- CO OC ~<§^- OCH 2 C,F 7 
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C s F„CH 2 0 
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-<§>- CO ~^>- OC OCH 2 C s F, 
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C 2 F s CH 2 0 



OCH 2 C 2 F s 



CH3 
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1-78 



F F 



0 \ / 0 _ 
C 3 F,CH 2 0 CO ~<P>- °C ~<0^ 



OCH 2 C s F 7 



F F 
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C,F,CH 2 0 -<gV- CO -<0>- OC COW 
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C 3 F,CH£ CO "<^^ J oCHiCsF 
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1-81 
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II 



CRCHO -<©>- oc co 0CHlCFs 



1-82 

0 0 



C,F 5 CH,0 OC -<@>- CO -<§>- OCH^F, 



1-83 



C,F,CH,0 -<0>- OC -^3>- CO -<§>~ OCaC^Fr 



1-84 

0 0 _ 

C s F lI CH,0-<g>- OC -<g>- CO -^0>~ 0CHlC8F » 

I - 85 CsFnCHiO-^^-^^ C«H, 



I - 86 C s F,CH:0 -<©>" OC -<Q>"<o^" ^ 



O 

I - 87 C 5 F„CH l O-<@>- OC V^>~ aHs 



o o _ 

I - 88 C,F 7 CH,OC -<®>- OC 0C 8 H„ 
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O O 
I - 89 CF,CH,OC -<g>-OC-<g>- OCA. 



o o 
II 



I - 90 CF„CH,OC "<§)-OC-<g>- OC IO H 2l 



O 0 

15 II /— v II 



I ._ 9 1 C,F 7 CHiOC 



0 0 -N 



I - 92 C S F T CH,0C _^-OC-<g>- OCCH^CHCH* 



0 0 
II /^\ H 



I _ 93 C s F 7 CH,OC -^OC-<g>- 0C 8 H„ 



i _ 94 C 3 FtCH z O 



0 O 
I - 95 C,F T CH,0 -^^OCHO^OCCH, 



I - 96 ClH^O 

^ °~ C^*~ OCH 2 CF 2 CF 2 CF, 
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r - 97 



CH,CH,CH(CH,)(CH,) 1 — 

0 ""O^ 0CH ^ CF ^F Z CF S 



I - 98 C.oH.0 -<Q^>^ 

~~ OCH 2 CF 2 CF 2 CF a 



I - 99 C,H I7 \-^y~ OCH 2 C 3 F 7 



I - 100 C S H I7 — £ V-^^— OCH 2 C s F„ 



I - 101 C 8 H I7 -^^O^- 0CH 2 C 7 F IS 



I - 102 C,H l9 0CH 2 C 7 F, s 



I - 103 C W H 2 , 0CH 2 C 7 F 1S 

The compounds represented by the general formula (II) may be obtained though a process described in PCT 
Publication W093/22396 (corr. to JP (Tokuhyo) 7-506368). Specific examples thereof are enumerated below. 
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CH.3 0CH 2 CF 2 CF 2 0CF 3 
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D - 2 C e H„ OCH 2 CF 2 OCF 2 CF 3 

n - 3 CH.t — OCH 2 CF 2 OCF 2 CF 2 OC<F, 



n-4 



n-5 



n-7 



n-8 



C 4 H I3 -^V^^^— OCH 2 CF 2 OCF 2 CF 2 OC,F, 



CH,t -"C^O^O^" 0CH * CF * 0CF ' CF ' 



n - 6 C e Hn -^C^ - ^^-"^^— OCH 2 CF 2 OCF 2 CF 2 OC 4 F 9 



O— C~y~ OCH 2 CF 2 OCF 2 CF, 



0—^^- OCH 2 CF 2 OCF 2 CF 3 



CI 

n - 9 C.H 



^ 0— C~b- OCH 2 CF 2 OCF 2 CF 2 OC«F 9 
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n - 10 

,0 



CH s CH,CH(CH,)(CH l ) a -0-^^-^ 

0— OCH 2 CF 2 OCF 2 CF, 



n- 11 

,0 



C^CHjCHCCHoXCH^j-O—^^-^ 

0-^^— OCH 2 CF 2 OCF J CF 1 OC 4 F 9 



n-12 c.h„o -^y-' (° 



~^-<V- OCH 2 CF 2 OCF 2 CF 3 



n - 13 c,oH 2l o — 



w , OCH 2 CF 2 OCF 2 CF, 



n- 14 




o- 

OCH 2 CF 2 OCF 2 CF 2 OC«F, 



n - 15 c 8 h i7 o 



n - 16 cHhO-Q^ 0 

^ O-^Qh-^J)— OCH 2 CF 2 OCF 2 CF 3 
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E — 17 

.0 



0 ~Vz/V/~" 0CH * CF * 0CF * CF * 0C < F » 



D " 18 o 0 



C 8 H„ — (^"^ ^ y~^y~~ OCH,CF 2 OCF 2 CF a 



C 8 H„0 ^ 

CN CN 



?0 11-19 ^ 0CH:CF,0CF 2 CF, 



n-20 °x\ , 

OCH 2 CF 2 OCF 2 CF 3 



C 8 H I7 0 ■ 

F F 




n - 21 C e H,7 -\^>-4 )>- 0CH 1 CF 2 0C J F,0C^F IJ 




n-22 CoH*-^ >- OCH 2 CF 2 OC,F<OC«F, s 



n - 23 CeH.r -^~n^~C^~~ 0CH ^ F «° C < F <> 0C < F « 



27 



EP 0 769 543 A1 



5 



15 



20 



25 



30 



35 



40 



45 



50 



55 




0 - 24 CtoH* -4 ^\ y- 0CH 2 C3F 5 OC,FaOC 4 F, 




n - 25 CsH l7 y- OCH 2 CF 2 (OC 2 FJ 2 OCF3 



n - 26 C„H», -^^^O^" 0C H2CF 2 (0C2F 4 )20CF3 




n 27 CsHtr -4 y- 0CH2C 2 F 4 0C 4 F 9 




n - 28 CoH*-^ b-i^ y- OCH 2 C 2 F 4 OC 4 F 9 




n - 29 C 8 H I7 -4 y\ y- OCH 2 C 3 F 6 OC<F, 




n- so c,oH 21 -a y- OCH 2 C3F 6 OC4F 9 



n - 31 CbH|7 OCH2C.F.OCSF., 

n - 32 C !0 H 2 , 0CU 2 C2F 4 OC^F l3 
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C.H.7 — i h-^ >- OCH 2 C,F<OC 10 F,, 




CsH„ -4 >- OCH 2 C 2 F < OCF I C(CF 3 )3 




C«H,t -\ y\ >~ OCH^OCH^CF^dF^F, 



CeH,T ~K"^~C^~ 0C ^ 0CH »^ F « 




C a H 17 -4 >- 0C 2 H<0CH 2 C 9 F lI 




C 8 H,t —4 >— OC 2 H<OC 2 H«OCH 2 C7F, 5 



C 10 H 2l O OCH,CF 2 OCF 2 CF 2 OC<F, 
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n - 41 C 8 H I7 0 OCH 2 CF 2 OCF 2 CF 2 OC 4 F, 



N 



II -42 C»H„0 — ^ V^^_ OCHzCFrOaF, 



n - 43 CsHitO 0CH * CF2 ° C < F > 



n - 44 C a HaO — OCH 2 CF 2 OCF 2 CF 2 OC,F 9 



n -45 



-N 



C<H*OCH 2 CH 2 OCH 2 CH 2 0 "^j^^^^^- OCH 2 CF 2 OCF 2 CF 2 OC<F* 



The liquid crystal composition may further contain another mesomorphic compound having no fluorocarbon ter- 
minal portion ("hydrocarbon-type mesomorphic compound") in an appropriate amount. 

The liquid crystal composition may preferably contain at least one species of an optically active (chiral) compound 
having a chined or cyclic optically active cite. The optically active compound may appropriately be selected in view of 
mutual solubility or compatibility with the fluorine-containing mesomorphic compound and other component com- 
pounds. 

Specific examples of the hydrocarbon-type mesomorphic compound (free from a peril uorocarbon chain) as another 
mesomorphic compound may include those shown below. 
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ffl-2 



C^t-H^>-<0>- OCaHxs 



30 



EP 0 769 543 A1 



CJI»-<^>-<g>- OCJi„ 



CrHw— <^-<§>- OC»H» 
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CsH 19 -OC-<Q>-<0>- CsH, 

o 



o 

o o 
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m-ii 



in -12 



m-17 



CioHjiO 

c,^-(g>-H@>- octH„ 




M - 13 CtH«0 -<0 MpV- 



in— 14 ch.,0 -^g>-<0>- ocjin 




CH, 

m _ 16 CH„ -<QHO>- OCHaCHCaHs 




CHs 
I 



C J9 H„-<^V-<g>- OC^CHCH* 




m- 18 CJH.-C ^Sy^N- CsHn 
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_ 27 CJHxoO 




Q)-OC 9 H w 



m-28 




in -29 




m-30 CoHitO 



ffl _ 31 CbHitO 




IH -32 CsHitO 




m - 33 CbHitO 




QV-OCioHa 



III -34 CeH M 



N- 




Oz-ocji 
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n-35 OH, 
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HI -36 CH 



(Oy-OCCHu 
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HI- 37 CeH u 



OCC^Hi, 
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ffl-38 C«H 1S 




OCCbHit 
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N- 



n-39 W»-\J-<O j 




0>-C6H„ 
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II - 42 CioHm— \0/~ n 



HI -43 CiiHar-\0/~ n 



m-44 c^-xOy-N 



n _ 45 CH,0-<O)-N 



HI -46 C<HaO-<Q 



0>_/O)- CioHa 



IH -47 C^HuO— <£) 



8HH)- CuHa 
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m-49 Co^^n 
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— 55 C»Hi«« 
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CH, 



IK- 57 C 



uHl ^0j^^-<g)-OCCH 1 CH 1 CHC^ 



m-58 CuHw^s^N; 



[Cyy- OCCsHn 

v ' II 

o 



ffl-59 




n _ 6 0 C«H 1S 0. 




O 



Qz-OCCioHa 
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H- 61 CaHu. 




QV-OCeHu 



h - 62 C8Hl0 ^(Qf N V-(o > 




O>-0CsH„ 
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M-03 C^^ft^Q 




0/ OCioHa, 




0>— Od^Ha 



m- 65 CJIis 




0>— ocwH* 



m-66 CHn« 




QV-OCsHn 




m-68 c 9 H l3 o-^g>-co,-<g>- Ctf„ 



m - 69 CeH^-®^©>- OOHu, 
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m — 70 c^o^OK^ 01 ^" 

m-71 C^HaO 

m-72 cji„o-<g>-co,-<gHO>- OCA 

IE - 73 G*0-®- CO, -<§>"<§>- OCJi. 

hi -75 oao H§>-\PM§>- 

m - 77 c»HmC---^5^- 1 i s JI— CuiH2S 



40 



EP 0 769 543 A1 



CeH u C0-<g>4^>-<g>- OHe 

0 



o 



C^iCO-^H^>-<g>- CsH„ 



II 

o 



CH, 
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CJia 

/-\ / — v N-v 

CsHn -Hy^COO—<Q)--(Q>-Ci«Ha 
CgHu 

CH» -<H)--CC)0-<g>-<^>-C e H l9 
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m - 92 CaH 17 — (uy-COO -<Q)-<Q>- C-H" 



IH - 93 CuHas— COO — ^>-^>-<^Hi 3 



HI— 94 CJi 7 -<h)>-COO-^>-^>-OCtH 1 s 



N- 



DI-95 CsH T 



m - 96 CeH»0--<gH®>- CN 



n-97 CeHnO-^HO^CN 



HI — 98 CuHnO-^^-^-CN 



HI -99 C„H*C-<g>-<g>-CN 
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ffl - 100 CeHu 



m - 101 CH„ _<^>-h^>-CN 



11 - 102 CioHa 



CN 



m- 103 CaH, -^^y^-^ 



m-104 




IH - 105 C 19 H 1 rHg>^>-<0^-C 8 H rt 



III - 106 C llHl H0^<^>-<0>- C5Hl1 



in- 107 
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m - 108 CsH„0--<g>-<^>-<©>-CuH« 



in - 109 c*W)-^-<^>-^-ca. 
m-iio <^»o-<^-^--oc-H(g>-F 



■ -111 C,H^-^>-<g>-OC-<@h-F 

0 



m-112 CaH,^-^>-<g>-OC-H@^-F 



H - 113 C^O^^^-OC ^©>-F 

O 



M-114 CuH.O^^-^-OC-^-F 

O 
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rN 
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Specific examples of the optically active compound may preferably include those shown below. 
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Tatole A (for 



Compounds Kos. A-l to A- 105) 
-A 7 °-A 8 '-X 7 °-R 7 "--£**-R 9 " 



A'° T° A 1 



I0O 



JT R'° E" K*° 



1 CBu 



- I - I Ph I Ph - HI 



H 



CoHif 



2 CoH„0 



- - Ph I Ph - HI 



H 



3 C&,0 



- - Ph PhZP - HI 



H 



C»Hu 



4 OW) 



- - Ph Ph - HI 



H CjHu 



5 CHhCHCCBOCCHOjO 



- - Ph Ph - HI 



H 



6 CHuO 



- - Ph P23F - HI 



7 CHu 



- - Ph Ph - HI 



H 



8 CHuO 



- - Ph Ph - HI 



H 



9 C£uO 



- - Ph Ph - HI 



H 



10 CjHit 



- - Prl Ph 



HI 



11 CmH„ 



- I - I Pr2| Ph - HI 



CH, 



12 I CuHa 



- - Pr2 Ph - HI 



H 



13 i CuHjt 



- - Pr2 Ph - M 



H 



14 GW) 



- - Pyl Ph - HI 



15 C«H„ 



- - Py2 Ph 



HI 



CtHu 



16 CHu 



-I - 1 Py2 1 Ph - HI 



H 



CtHu 



17 QHuCHCCHOCEW) 



- I - |Py2| Ph - HI 



CtHu 



18 C&tO 



- - W P23F - HI 



H 



C«Ho 



19 CcH» 



- - Py2 Ph 



HI 



H 



20 I CoH„ 

21 CaHu 

22 CH, 



- - 1 Py2 I Ph3F I — | Ml 

- - Cy Ph - HI 



- I - I Cy 1 Ph 



HI 



CoHlT 
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X T0 
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23 
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HI 
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H 
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24 








Cy 


Ph 




Ml 


V 


n 
u 




25 


1 . dliltl 






Pa 


Ph 




HI 

Ul 


Lt 


n 
n 


P H 


26 


CiHuCCO 






Pd 


Ph 




HI 


y 

Lt 


11 


pti 


27 

Li I 










Ph 

•r it 




ul 


y 


n 
a 


p 11 


28 








Tn 

111 


Ph 
r 11 




H1 
ul 


y 

Lt 


D 

u 


PJT. 


29 


CsHn 






T71 


Ph 




ul 


y 

Lt 


TJ 
11 


PH 


30 










Ph 




Kl 
Eli 


y 

L» 


n 
U 


PIT 


31 










Ph 

ru 




Kl 

ui 


y 


n 
U 


P TT 




C10H21 






TWO 
ImZ 


Ph 
rn 




Hi 


y 


n 
n 


P TT 
Win 


00 








Una9 
JjOac 


Ph 

rn 




£11 


V 
L 


n 
n 


P u 


0*A 


CisHji 






Ttnh9 


rn 




£11 


L, 


tr 

n 


p n 
>ioHii 












Ph 

rn 




Kl 

ul 


y 

Li 


17 

a 


P TT 


36 








Mh9 


Ph 




Ml 

Qi 


y 

Lt 


n 
u 




37 


CiHti 






No 
np 


Ph 




Ml 

Ml 


y 

Lt 


u 




38 








Nn 
np 


Ph 




Ph 


y 

Lt 


n 

u 


Witt 


39 


V-/(JJJ.l V,. \sllZJ vUIv 






Fnl 


Ph 




V/U 


y 

Lt 


W 

u 




40 


CM* 

Mug 






Fn9 


Ph 
rn 




Kl 

Rl 


y 

Lt 


n 
n 


p n _ 
Win 


41 








upi 


Ph 




Ml 
ai 


y 

Lt 


H 

u 


pn 


49 








fin9 
vrp& 


Ph 
ru 




Kl 

ul 


y 

Lt 


n 
n 


P. TT- 


43 


CoHu 






Col 


Ph 




HI 




H 


CxttHji 


44 


CoHxt 






Iol 


Ph 




HI 


I 


H 




45 








Idl 


Ph 


HI 


HI 


X 


H 


CH« 


46 








Idl 


Ph 




HI 


Z 


H 


CH„ 


47 


CaHu • j ' 




Idl 


Ph 




HI 


X 


H 


CH,, 
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in* 




A8D 
A 


rto 

i 


A 10 


A 00 h 




310 * 

\ 4 


nop 

Li 


\ 


no a 
IV 


48 


CtHn 

Vsfun 






Idl 


Ph9P 1 




HI 


y 


n 

i 


Win 


fla 


win 






Tn 

in 


Ph 

. n I 




ul 


y 


n 
1 


PM 
Win 


Du 


WW 






IZZ 


Ph 1 

rn 1 




Ml 


v 

Zj 


1 


p w 
Win 


01 


p n 






DZ06 


Ph 1 

rn 




M1 

ni 


Zj 


1 


p n 


DZ 








DLU6 


Ph 1 
rn 




ill 


Zj 


1 


P u 
win 


'Do 


ph =pnfpH ^.n 








Ph 1 

rn I 




Ml 
HI 


Zj 


H 1 
1 


PM 
Win 


04 


p H 
Who 








Ph 1 

rn 




M1 

ul 


y 

Zj 


H 1 


P M 
Win 


00 


p u 
Win 






Nn 


Ph 

rn I 




M1 


y 


H 

1 


P TT.. 
Win 


00 


PH 
Win 


Ph 

rn 




Ph 

rn 


Ph 1 




Ml 
ill 


y 


H 

1 


P.TT.. 
Win 


0/ 




rrz 




Ph 
rn 


Ph 1 

rn 




Ml 
Hi 


y 

Zj 


H 1 
1 


Win 


CO 
00 


p n 
Wli 


DirO 

Fyz 




rn 


Ph 

rn 




Ml 
Ml 


Zj 


H 


P IT 
Wlfl 


CO 

Da 


p ii 








Ph 

rn 




Ml 

£11 


Zj 


IT 


PIT 


oU 


p u 
Win 


DVi 

rn 


PAA 


rrz 


Ph 

rn 




Ml 

• 111 


Zj 


it ! 
n 


P IT 
Win 


ol 


p n 


DVi 

rn 




rri 


Ph 

rn 




PK 


v 

Zj 


a 


PIT 
Win 


CO 

oZ 


p n 

Mian 


DVi 

rft 




Pw 

w 


POD*. 

rooT 


HI 


PK 


Zj 


n 
n 


PH 
win 


CO 

00 


P u A 


DVi 

rn 


ppfl 
vAAJ 


[V.I 

Pyl 


Dh 

rn 




Ml 


v 

Zj 


Mv 


PIT 
Win 


o4 


p n 

V/fU|! 


DVi 

rn 




ryz 


Ph 

rn 




M1 
ul 


Zj 


n 
n 


PH 
Win 


bb 


p n 
Wio 


PhOTI? 


KXRj 


Prs 


Ph 

rn 




Ml 


Zj 


n 
n 


pn 
J Win 


cc 

00 


ph 
una 








Ph 

rn 




M1 


y 

Zj 


M 
n 


1 Win 


CT 
01 


p n 

WllT 


PVi 

rn 




in 


Ph 

rn 




Ml 


Zj 


n 
n 




uo 


vim 


Ph 




Tzl 


Ph2H 




H 




H 




69 


0J3u 


Ph 




Ph 


Ph 




HI 


E 


H 


1 CoHlT 


70 


CioHji 


Ph 




Td 


Ph 




HI 


z 


H 


1 (CHOjCHCCHOi 


71 


CuHn 






Ph 


Pyl 




B 


z 


H 


CiHu 


72 


CjHn 






Ph 


Pyl 




H 




H 
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Nil 




A 80 




A' D 


A* 0 




R'" 


E" 


R 4 " 


R 10 


70 
JO 








Ph 


Pyl 


— 


HI 


2 


H 


CoHu 










Ph 


Pr2 




HI 


E 


H 


CH U 


7C 
ID 








Ph 


Pr2 




HI 


E 


H 


(CH I ).CH(CH J ), 


7G 
ID 








Ph 


Pr2 


mm 


HI 


E 


H 


CjHu 


l7 


An a 

CsHnO 






Py2 


Cy 




HI 


E 


H 


CjoHn 


78 


f\ TT 






Ph 


Cy 


— 


HI 


E 


H 


CuHa 


TA 

79 


A TJ 






Ph 


Cy 


— 


HI 


E 


H 


CiH u 


OA 

80 








Ph 


Pa 


— 


HI 


E 


H 


Ci»Hn 


01 

81 


CoBirO 






Ph 


Pd 




HI 


E 


Hy 


CjHu 


oo 
82 


TT 






P2C1 


Tn 


— 


HI 


E 


H 


CjoHa 


83 


r\ tt 






Ph 


Tn 


— 


HI 


E 


H 


CoHu 


84 


CoHlT 






Ph 


Tzl 


— 


HI 


E 


H 


CoHn 


nr 

85 


CAOCHCCHOCOO 






Ph 


Tzl 




HI 


E 


H 


C|H» 


86 


CaHu 






Ph2F 


Td 


- 


HI 


E 


Hy 


(CHOiCHCCHOC^u 


87 


CsH u 






Py2 


Np 


- 


HI 


E 


H 


CoHio 


88 


CHs 






Ph 


Np 




HI 


E 


H 


CuH» 


ort 

89 


/S tt 






Ph 


Np 


— 


HI 


E 


H 




OA 

90 


r\ tt 






Pyl 


Epl 




HI 


E 


H 




91 


TT /VA» TT 

CoHnOC|H« 






Ph 


Epl 


— 


HI 


E 


H 


C&, 


AA 

92 


TJ 






Ph 


Epl 


— 


HI 


E 


H 


CflHn 


AO 

93 








Pyl 


Gpl 




HI 


E 


H 


OH,, 


94 


CoHtf 








Gpl 




if t 

HI 


E 


H 


C&H» 


95 


CHyCOO 






Ph 


Cpl 




HI 


E 


H 


CoHu 


96 


C«Ho 






Ph 


Idl 




HI 


E 


H 


CoHu 


97 


CuH« 






Ph 


Iol 


Cb 


HI 


E 


H 


CoHu 
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Na 


R 90 






A ,D 


A«° 






£ M 




R°° 


98 




- 


- 


Ph 


Oil 


- 


III 


£ 


H 


CjHn 


99 


CoHu 


- 


- 


Ph 


Ph 


- 


HI 




H 


CjHn 


100 


CH, 


Ph 


OCHi 


Ph 


Pyl 


— 


HI 


£ 


H 


C U H» 


101 


CMo 


Ph2CN 


- 


Ph 


Prl 


- 


HI 


£ 


H 


CioHn 


102 


CjHn 


Ph 


CH.0 


Ph3P 


Tzl 


Cb 


HI 


£ 


H 


CjHu 


103 




Ph 




Ph 


7a 




HI 


£ 


H 


CoHu 


104 


C?Hu 


Th 




Ph 


Pyl 




HI 


£ 


H 


C»Hn 


105 


CioHn 


Ph 




Ph 


Cyl 




HI 


£ 


H 





In Table A, the respective abbreviations (symbols) mean the following groups, respectively. 



Ph 



Ph2F 



'-6-- 



Ph3F : 




P23F 



F F CI Br 

: P2C1: -^y- P3Br: -{j^- 



P3TF 




CF 8 CHj 
Ph2M 



CN 



Ph2CN : 




Prl 



: -Q_ M: _Q_ Cy: _<h>_ 
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Pd 



Dt2 : 



10 



15 



20 



25 



■■ T22: 



N-N 

Td: -^>- 



Dx2 : 



-0- 



Boa 2 



Bta2 



30 



35 



40 



Epl: "W3- Ep2: Gpl: 




Gp2 : 



O 

~^3_ Id: T^y 



45 



50 



55 



Cml : 



M1:-CH,-. Cb:- 



0 
II 

C-. £ : 



F 
I 

-C (RO -. My:-CH, 
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Tdblfe B (for Compounds Nos. B-l to B-105) 




Na 


R»' 




Aw" 


X,' 


Am' 


L 


V 


I 


CjHu 


- 


- 


- 


Ph 


L 




2 


CaH„0 


- 


- 


- 


Ph 


L 




3 


CH.,0 


- 




— 


Ph2F 


L 




4 


au> 


- 


Ph 


— 


Ph 


L 


CqHu 


5 


C 9 Hn , CHF(CH l )20 


- 


Ph 




Ph 


L 




6 


CH tt 0 


- 


Ph 


— 


Ph23F 


L 




7 


CcHia 


- 


Ph 


-OCH,- 


Ph 


L 


CoHio 


8 






Ph 


-c=c- 


Ph 


L 


a 


9 


CoH.,0 


- 


Ph 


-COO- 


Ph 


L 


CsHu 


10 


CoHn 


- 


Prl 




Ph 


L 


CoHn 


11 


Ci»Hu 


- 


Pr2 


— 


Ph 


L 


C4H0 


12 


CuH» 




Pr2 


— 


Ph 


L 


CH U 


13 


CuH» 


- 


Pr2 


-coo- 


Ph 


L 


C0H17 


14 


C1M> 


- 


Pyl 


- 


Ph 


L 


Ct»Hn 


15 


CuHn 




Py2 




Ph 


L 


CsHu 


16 


CHuO 




Py2 




Ph 


L 


CoHn 


17 


CsHn'CHFCHjO 




Py2 




Ph 


L 


C0H10 


18 


CsH.,0 




Py2 




Ph23F 


L 


CdHo 


19 


CiiHtt 




Py2 




Ph 


L 


CoHn 


20 


CoHn 




Py2 




Ph3F 


L 


CiH» 


21 






Cy 




Ph 


L 


C4H0QG4H0 


22 


CH 1$ OCO 




Cy 




Ph 


L 


C14H20 
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No. 


R»' 1 
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L 
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- 


Ph 


- 


Gpl 


L 


CwHn 


95 


CHtCOO 




Ph 




Gpl 


L 


CiiHn 


96 


C 4 Ho 




Ph 




Idl 


L 




97 


C«H» 




Ph 




lol 


L 




98 


CwHn 




| Ph 




Cml 


L 
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No. 




Am' 


An' 




A„' 


L 


Ro* 


99 


CjHu 


- 


Ph 


- 


Ph 


L 




100 


CH, 


Ph 


Ph 


- 


Pyl 


L 


CiHu 


101 


C4H0 


Ph2CN 


Ph 


- 


Prl 


L 


C.H, 


102 


GH„ 


Ph 


Ph3P 




Tzl 


L 


CH, 


103 


CN 


Ph 


Ph 




Tn 


L 


CH, 


104 




Tn 


Ph 




Pyl 


L 


CoHn 


105 


CjoHji 


Ph 


Ph 




Cy 


L 


CJIu 



In Table B, the respective abbreviations mean the following groups, respectively. 

F 



Ph 



Ph2F 



Ph3F 




F F CI 
Ph23F : Ph2Cl : 



Ph3Br : 



Br 




CF, CH, CN 

Ph3TF : — ^ — Ph2M: Ph2CN : 



Prl 



Pa 
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10 



15 



20 



25 



' N"TV /rtl M-N 

Tzl: 4^ 1*2: -Q- Td : -^>- 

to2: ^C>- B ° a2: X>^ B ° b2: jDO^ 

Bt » 2: "t» - 2: jCXV -q^. 




ebi; Ep2: ~Q5- Gpl: m 



35 

o 



Gp2: 

40 

45 Cml : 



-^y »: Iol! 



50 

L : -CH 2 CH, 
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C-l 



CaHnO-O 



r 



w 



15 



C-2 



r 



20 



C-3 



CllHaO 



II 

O 



25 



30 



C-4 



C 10 H»O -<Q) 



35 



40 



45 



SO 



55 



C-5 



C-6 



C-7 



C»H»0 -H^Hg^OC-^ 



II 
O 



C«H.C0--(O/ 

II w/ 

O 



r 



11 

o 
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55 



C-8 



II M 
0 



0 



10 



15 



C-9 



CuHaO 



20 



25 



30 



C-10 



C-ll 



ii 

o 



35 



C- 12 



40 



45 



C-13 



CHu CO 
II 
0 



ii 
o 



50 



C-14 
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C- 16 



II 

o 



C- 17 



II 

o 



C-18 



CsHx- 



0 



II 
o 



C-19 



C-20 



0 0 



o 

C 8 Hl 7 O-<0)-<0>-CO2^3- 



D-1:n = 6, 2R, 5R 
D-2: n = 6, 2S, 5R 
D-3: n = 4, 2R, 5R 
D-4: n = 4, 2S, 5R 
D-5: n = 3, 2R, 5R 
D-6: n = 2, 2S, 5R 
D-7: n = 2, 2R, 5R 
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D-8: n = 1 , 2S, 5R 
D-9: n= 1, 2R, 5R 



O 

r~\ / — \ V° v ^ c n H 2n+l 



~n n 2n+l 



D-10: n = 1 
D-11: n = 2 
D-12: n = 3 
D-13: n = 4 
D-14: n = 6 
D-15: n= 10 



CH 3 
CH 3 



D-16: n = 8 
D-17: n= 10 



I-l: (2,5-cis) C«H, a O-^-0-COO-^"OCOC 6 H, 

F 3 C 



E-2: (2,5-cis) g 2 

E-3: (2,5-trans) ^ ^ )- 0 

F S C 



E-4: (2,5-cis) 2r^5 

ceH^o-^y^-coo^^ococeH. 

E-5: (2,5-trans) w w °\ Pl 



E-6: (2,5-cis) C6Hi30Hg ^ COO ^OC.H, . 
E-7: (2,5-trans) U '*CF S 



CN 
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CN 



n ~ 0.11*0-^-©- COO -<g) 

N 0-n- CH, S 



n - CsH 17 0-<g>^(g>- COO 

^ ™ ^ — O - n - 



Ru - R« — OCH, R " 



-o 
-o 

-o- 
-o 

\=N 





Ris 


Configuration 


CsHu 


C4H9 


2S. 4S (cis) 




C4H9 


2R, 4S (trans) 


C fi Hi7 


CH, 


2S, 4S (cis) 


CH 1T 


CH 7 


2R. 4S (trans) 


C,H IT 0 


C4H« 


2S. 4S (cis) 


CeH.70 


C4H9 


2R, 4S (trans) 
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Q 




R 14 


Ris 


Q 


Configuration 


C 6 H 11 


C 7 H 15 


H 


2R, 4S (cis) 


C 6 H 11 


C 7 H 15 


H 


2S, 4S (trans) 


C 7 H 15 




H 


2R, 4S (cis) 


C 7 H 15 


OC 9 H 19 


H 


2S, 4S (trans) 




C 7 H 15 


H 


2R, 4S (cis) 




C 7 H 15 


H 


2S, 4S (trans) 


CeH 13 OCH 2 


OC 9 H 19 


H 


2R. 4S (cis) 




OC 9 H l9 


H 


2S, 4S (trans) 


C 7 H 15 


OC 9 H 19 


CH 3 


2R, 4S (cis) 


C 7 H 15 


OCgH 19 


CH 3 


2S, 4S (trans) 



0 



CH 17 0 -<§>-<Oh- OCH, 



CaHl '°-|0>-<0 > - OCH » "x^V « ' 

(trans) 
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10 



15 



20 



50 



55 



F-5 CH 17 0 ~|^Kg>- OCH, ^\ OH, 

(as) 



F-6 



F-7 



25 

F-8 

30 



F-9 

35 



40 

F-10 

45 



CH = CH 2 



CaHs 



F — 11 CeHnO -<SH0>- OCO V CHn 

(trans) 
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F-12 



GJInO-|^-©-OCO-* 



11 



(cis) 



10 The smectic liquid crystal used in the invention may further contain additives such as an antioxidant, an ultraviolet 

ray-absorbing agent, dyes and pigments. 

The liquid crystal device according to the present invention is used as a display element (medium), for various 
liquid crystal apparatus, one embodiment of which is described below. 

Based on an arrangement appearing hereinbelow and data format comprising image data accompanied with scan- 
15 ning line address data and by adopting communication synchronization using a SYNC signal as shown in Figures 2 
and 3, there is provided a liquid crystal display apparatus of the present invention which uses the liquid crystal device 
according to the present invention as a display panel portion. 

Referring to Figure 2, a(chiral smectic) liquid crystal display apparatus 101 includes a graphic controller 102, a 
display panel 103, a scanning line drive circuit 104, a data line drive circuit 105, a decoder 106, a scanning signal 
20 generator 107, a shift resistor 108, a line memory 109, a data signal generator 110, a drive control circuit 111, a graphic 
central processing unit (GCPU) 1 1 2, a host central processing unit (host CPU) 1 1 3, and an image data storage memory 
(VRAM) 114. 

Image data are generated in the graphic controller 102 in an apparatus body and transferred to a display panel 
103 by signal transfer means. The graphic controller 102 principally comprises a CPU (central processing unit, nere- 
is inafter referred to as "GCPU") 112 and a VRAM (video-RAM, image data storage memory) 114 and is in charge of 
management and communication of image data between a host CPU 113 and the liquid crystal display apparatus 
(FLCD) 101. The control of the display apparatus is principally performed by the graphic controller 1 02. A light source 
(not shown) is disposed behind the display panel 103. 

The liquid crystal display apparatus of the present invention employs the above-described liquid crystal device 
30 showing a good switching characteristic • as a display panel (medium), so that the display apparatus exhibits excellent 
drive characteristics and reliability and provides high-definition and large-area display images at high speed. 

The liquid crystal device according to the present invention may be driven by driving methods as disclosed in, e. 
g., JP-A 59-193426, JP-A 59-193427, JP-A 60-156046 and JP-A 60-156047. 

Figures 6A and 6B are waveform diagrams showing an example set of driving waveforms used in such a driving 
35 method. Figure 5 is a plan view showing an electrode matrix used in a chiral smectic liquid crystal panel 51 of a simple 
matrix-type. The liquid crystal panel 51 shown in Figure 5 includes scanning electrodes 52 (S 1( S 2 , S 3 , ... S m ) and data 
electrodes 53 l 2 , l 3 , ... I n ) intersecting each other so as to constitute a pixel at each intersection together with a 
chiral smectic liquid crystal disposed between the scanning electrodes 52 and data electrodes 53. 

Referring to Figure 6A, at S s is shown a selection scanning signal waveform applied to a selected scanning line, 
40 at S N is shown a non-selection scanning signal waveform applied to a non-selected scanning line, at l s is shown a 
selection data signal waveform (providing a black display state) applied to a selected data line, and at IN is shown a 
non-selection data signal waveform applied to a non-selected data line. Further, at l s - S s and l N - S s in the figure are 
shown voltage waveforms applied to pixels on a selected scanning line, whereby a pixel supplied with the voltage l s 
- S s assumes a black display state and a pixel supplied with the voltage IN - S s assumes a white display state. Figure 
45 6B shows a time-serial waveform used for providing a display state as shown in Figure 4. 

In the driving embodiment shown in Figures 6A and 6B, a minimum duration (application time) At of a single polarity 
voltage applied to a pixel on a selected scanning line corresponds to the period of a writing phase tg, and the period 
of a one-line clearing phase tj is set to 2At. 

The parameters V s , V, and At in the driving waveforms shown in Figures 6A and 6B are determined depending 
50 on switching characteristics of a liquid crystal material used. 

Figure 7 shows a V - T characteristic, i.e., a change in transmittance T when a driving voltage denoted by (V s +V,) 
is changed while a bias ratio as mentioned hereinbelow is kept constant. In this embodiment, the parameters are fixed 
at constant values of At = 50 ^is and a bias ratio V,/(V,+V S ) = 1/3. On the right side of Figure 7 is shown a result when 
the voltage (l N -S s ) shown in Figure 6A is applied to a pixel concerned, and on the left side of Figure 8 is shown a result 
55 when the voltage (l s -S s ) is applied to a pixel concerned, respectively while increasing the voltage (V s +V|)- On both 
sides of the ordinate, the absolute value of the voltage (V s +V,) is separately indicated. At (l N -S s ) and (l s -S s ), a previous 
(display) state is cleared by applying a voltage V R and a subsequent (display) state is determined by voltages V B 1 and 
V B 2 , respectively. Referring to Figure 8, a relationship of V 2 < < V 3 holds. The voltage may be referred to as a 
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threshold voltage in actual drive and the voltage V 3 may be referred to as a crosstalk voltage. More specifically, as 
shown in Figure 6A, a voltage V-, denotes a voltage value causing switching by applying a voltage signal V B 2 and a 
voltage V 3 denotes a voltage value causing switching by applying a voltage signal V B 1 . Further, a voltage V 2 denotes 
a voltage value required for clearing the previous state by applying a vortage signal V R . The crosstalk voltage V 3 is 
5 generally present in actual matrix drive of a ferroelectric liquid crystal device. In an actual drive, AV = (vyv^ ) provides 
a range of IV S +V|I allowing a matrix drive and may be referred to as a (drive) voltage margin, which is preferably large 
enough. It is of course possible to increase the value of V 3 and thus AV (= V 3 - v^) by increasing the bias ratio (i.e., 
by causing the bias ratio to approach a unity). However, a large bias ratio corresponds to a large amplitude of a data 
signal and leads to an increase in flickering and a lower contrast, thus being undesirable in respect of image quality. 
10 According to our study, a bias ratio of about 1/3 - 1/4 was practical. On the other hand, when the bias ratio is fixed, the 
voltage margin AV strongly depends on the switching characteristics of a liquid crystal material used, and it is needless 
to say that a liquid crystal material providing a large AV is very advantageous for matrix drive. 

Further, it is possible to drive the liquid crystal device by changing a vortage application time (duration) At while 
keeping the driving voltage (V,+V s ) so as to provide a certain (constant) value. In this case, the drive characteristic of 
*5 the liquid crystal device can be evaluated in terms of a duration margin (voltage application time margin) AT = At 2 • At 1 
wherein At 1 denotes a threshold duration and At 2 denotes a crosstalk duration. The duration margin AT means a duration 
allowing a matrix drive under application of a certain driving voltage (V,+V s ). 

The upper and lower limits of application voltages or durations and a difference therebetween (driving voltage 
margin AV or duration margin AT) by which selected pixels are written in two states of "black" and "white" and non- 
20 selected pixels can retain the written "black" and "white" states at a constant temperature as described above, vary 
depending on and are intrinsic to a liquid crystal material used and a cell structure employed. Further, the driving margin 
(voltage or duration margin) is deviated according to a change in environmental temperature, so that optimum driving 
conditions should be required of an actual display apparatus in view of a liquid crystal material used, a cell (device) 
structure and an environmental temperature. 
25 | n the present Invention, in order to effect a quantitative evaluation of the drive margin, the above threshold duration 

At-, and the crosstalk duration At 2 are measured by using a certain driving waveform (as shown in Figure 14) to obtain 
a duration margin parameter M2 (M2 margin) which is a parameter of a duration range of the basis of an average 
(central) value of these values. The M2 margin is represented by the following equation: 

30 

(M2 margin) = (At 2 -At 1 )/(At 2 +At 1 ). 

Hereinbelow, the present invention will be described more specifically based on Examples. It is however to be 
understood that the present invention is not restricted to these Examples. 

35 

Experimental Example 1 

Liquid crystal compositions FLC-1, FLC-2 and FLC-3 were prepared by mixing the following compounds (a) to (f) 
in the indicated proportions, respectively, and each showed a phase transition series (°C), a spontaneous polarization 
40 (P S ), a layer spacing d TAC at T AC (a temperature of phase transition from smectic A (SmA) phase to chiral smectic C 
(SmC*) phase), a layer spacing d c at 30 °C, and a calculated layer inclination angle 6cal at 30 °C shown below, re- 
spectively. 

The layer spacings dc and d TAC were measured in a manner described hereinafter and the calculated layer incli- 
nation angle Seal were obtained from the equation: 

45 

Seal = cos* 1 (dc/d TAC ). 



so 
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Compound No. Structural formula 

(a) 

CeH,7— ^>-^^— OCH2CF2OC2F4OC4F, 
(b) /=N /=\ 



(c) 



(d) 



(e) 



(f ) 



C 8 H,t-^>-^— OCHiCF^OC^OCaF^CF, 



CbH.t— OCH»C s FeOC<F s 



C 6 H 1 , 0 — C 0 0 — O C e H , s 

CFs 



CioHj,-^^-^— OCHiCsFeOC^F, 
<FLC-1> 

( components ) ( wt . parts ) 

(a):(b):(c):(d):(e) = 45:30:15:5:2 



Phase transition (°C): 



Iso. — ► SmA — *-SmC* *Cry. 

77 41 3 



Ps (30°C) = 31.1 nC/cm 2 

d TAC< T AC = 41 °C) = 31.756 A 

d 0 (30°C) = 31.636A 

Seal (30 °C) = cos 1 (dJd JAC ) = 5.0 deg. 
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<FLC-2> 

(components) (wt. parts) 
(a):(f):(d) = 50:40:5 

Phase transition (°C): 



Iso. * SmA * SmC* * Cry. 

72 44 -15 



Ps (30°C) = 20.7nC/cm2 
d T AC (T AC = 44 B C) = 31.596A 
d c (30 9 C) = 31.360 A 
Seal (30 °C) = 7.0deg. 



<FLC-3> 

(components) (wt. parts) 
(f):(d) = 90:5 



Phase transition (°C): 



Iso. ► SmA e-SmC* >Cry. 

80 52 6 



Ps (30°C) = 22.1 nC/cm 2 
d T AC (T AC = 52 "0 = 31.62 A 
d c (30 °C) = 31.04A 
Seal (30°C) = 11.0 deg. 

Then, five black cells A, B-1 , B-2, C-1 and C-2 were prepared in the following manner. 
<Cell A> 

Two 1.1 mm-thick glass substrates each provided with an about 70 nm-thick ITO film (transparent electrode) were 
each coated with a precursor to a polyimide having a recurring unit of the formula shown below by spin coating, followed 
by pre-drying at 80 °C for 5 min. and hot baking at 200 °C for 1 hour to form a 5 nm-thick alignment control film, which 
was then rubbed with a nylon cloth as a uniaxial aligning treatment. 




Then, spacer silica beads of 2.0 jam in average diameter were dispersed on one of the substrates and the other 
substrate was superposed thereon to form a blank cell. 
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<Cell B-1> 

One 1.1 mm-thick glass substrate provided with an about 70 nm-thick ITO film (transparent electrode) was coated 
with a precursor to a polyimide represented by a recurring unit of the formula shown below by spin coating, followed 
5 by pre-drying at 80 °C for 5 min. and hot baking at 200 °C for 1 hour, to form a 5 nm-thick alignment control film, which 
was then rubbed with a nylon cloth as a uniaxial aligning treatment. 



w 



15 




The other glass substrate having a thickness of 1 . 1 mm was coated with 1 0 wt. % (solid content)-solution in ethanol 
of a ladder-type polysiloxane containing SnOx fine particles (particle size: 100 A) dispersed therein by spin coating in 
a thickness of 2000 A, followed by pre-drying at 80 °C for 5 min and hot-drying at 200 °C for 1 hour. 
20 Then, spacer silica beads of 2.0 pm in average diameter were dispersed on the first substrate and the other sub- 

strate was superposed thereon to form a blank cell. 

<Cell B-2> (for X-ray diffraction analysis) 

25 a blank cell was prepared in the same manner as in Cell B-1 except that the two 1.1 mm-thick glass substrates 

were changed to two 80 u-m-thick glass sheets having a prescribed size. 

<Cell C-1> 

30 One 1 . 1 mm-thick glass substrate provided with an about 70 nm-thick ITO film (transparent electrode) was coated 

with a precursor to a polyimide represented by a recurring unit of the formula shown below by spin coating, followed 
by pre-drying at 80 °C for 6 min. and hot baking at 200 °C for 1 hour, to form a 6 nm-thick alignment control film, which 
was then rubbed with a nylon cloth as a uniaxial aligning treatment. 

35 



40 




The other glass substrate having a thickness of 1 . 1 mm was coated with 1 0 wt. % (solid contentjsolution in ethanol 
45 of a ladder-type polysiloxane containing SnOx fine particles (particle size: 100 A) dispersed therein by spin coating in 
a thickness of 2000 A, followed by pre-drying at 80 °C for 5 min and hot-drying at 200 °C for 1 hour. 

Then, spacer silica beads of 2.0 u.m in average diameter were dispersed on the first substrate and the other sub- 
strate was superposed thereon to form a blank cell. 

50 <Cell C-2> (for X-ray diffraction analysis) 

A blank cell was prepared in the same manner as in Cell C-1 except that the two 1.1 mm-thick glass substrates 
were changed to two 80 u.m-thick glass sheets having a prescribed size. 

The liquid crystal compositions FLC-1 , FLC-2 and FLC-3 were filled into the above-prepared cells A, B-1 , B-2, C- 
55 1 and C-2 in the indicated combinations shown in Table 1 below and were cooled at a rate of 0.5 °C/min. to form liquid 
crystal devices. 

Then, each the liquid crystal devices was then heated to isotropic liquid temperature and cooled to room temper- 
ature (re-orientation or re-alignment) at a prescribed cooling rate indicated in Table 1 to prepare liquid crystal devices 



71 



EP 0 769 543 A1 



1,2-1, 2-2, 3-1, 3-2, 4', 4-1, 4-2, 5, 6, 7, 8, 9 and 10. 

As a result of microscope observation, in the liquid crystal devices 1,2-1, 2-2, 3-1, 3-2 and 4 l , a region (several 
microns to several hundred microns in diameter) in various shapes (generally in an elliptical shape) wherein no align- 
ment defects were observed was confirmed. 
5 Incidentally, the alignment defects were confirmed in the following manner. 

Under no electric application, the liquid crystal device was set in a certain position so as to provide a darkest state 
in combination with cross nicol polarizers. Through a polarizing microscope, observation of a degree of light leakage 
in the liquid crystal device was performed while rotating the device within about ±10 degrees. When the light leakage 
was observed in a region, the region was evaluated as a region in which alignment defects occurred. 

w 

Table 1 



20 



25 



Device No. 


Cell No. 


Composition No. 


Cooling rate (°C/min) 


P1* 1 area (%) 


P2* 2 area (%) 


1 


A 


FLC-1 


3 


15 


85 


2-1 


B-1 


FLC-1 


2 


25 


75 


2-2 


B-2 




H 






3-1 


C-1 


FLC-2 


3 


15 


85 


3-2 


C-2 


a 




N 




4' 


B-1 


FLC-2 


2 


10 


90 


4-1 


B-1 


FLC-2 


1 


5 


95 


4-2 


B-2 


H 








5 


C-1 


FLC-1 


0.5 


5 


95 


6 


C-1 


FLC-2 


0.5 


0 


100 


7 


B-1 


FLC-3 


3 


0 


100 


B 


C-1 


FLC-3 


1 


0 


100 


9 


A 


FLC-2 


1 


5 


95 


10 


A 


FLC-3 


3 


2 


98 



*1 : P1 area represents an areal ratio or percentage (%) of a region wherein no alignment defects are observed. 
30 *2: P2 area represents an areal ratio or percentage (%) of a region wherein minute alignment defects are observed. 

Further, P1 area (%) and P2 area (%) are determined in the following manner. 

A photomicrograph of a specific region (a 1 mm-square area) randomly selected was taken while effecting micro- 
scopic observation (magnification: 20 - 100). The photomicrograph was cut and divided into P1 region pieces (cuttings) 
35 and P2 region pieces (cuttings) to measure a total weight (W P1 ) of the P1 region pieces and a total weight (W^) of 
the P2 region pieces, respectively. The P1 area (%) and P2 area (%) were determined based on the following equations, 
respectively. 

4Q P1 area (%) = W pi /(W P1 +Wp 2 ) x 100 

P2 area (%) = W p2 /(W P1 +W p2 ) x 100 

45 The thus-prepared liquid crystal devices were subjected to 

1) layer structure analysis according to X-ray diffraction (for devices 2-2, 3-2 and 4-2), 

2) measurement of a contrast ratio (C/R) (for all the devices), and 

3) measurement of an M2 margin. 

50 

1 ) Layer structure analysis according to X-ray diffraction 

First, the layer spacings d (dc and d TAC ) and the layer inclination angle 6 were measured in the following manner. 

The methods used were basically similar to the method used by Clark and Lagerwall (Japan Display '86, Sept. 30 
55 - Oct. 2, 1 986, p.p. 456 - 458) or the method of Ohuchi et al (J.J. A.P., 27 (5) (1 988), p.p. L725 - L728). The measurement 
was performed by using an X-ray diffraction apparatus (available from MAC Science having a rotary cathode-type X- 
ray generating unit) as shown in Figure 8, and an 80 pm-thick glass sheet 804 ("Microsheets", available from Corning 
Glass Works) were used as a substrate so as to minimize the heat capacity and the X-ray absorption with the glass 
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substrate. 

More specifically, for measurement of the layer spacing d, a sample liquid crystal 801 (FLC-1 , FLC-2, FLC-3) was 
applied in a 5 mm-square size so as to form a flat surface on the 80 urn-thick glass sheet and, while being temperature- 
controlled by a temperature-controlling plate 805 and a temperature-monitoring thermocouple 806, irradiated with X- 
5 rays from a rotary X-ray source 802, so that the output light including diffraction rays was detected by a detector 
(counter) 803, similarly as in the ordinary powder X-ray diffraction. An angle providing a peak of X-ray intensity was 
substituted in the Bragg's formula for diffraction condition to obtain a layer spacing d. 

Each sample liquid crystal was first brought to its isotropic phase temperature, and the measurement was repeated 
every 3 °C or every 1 °C in the vicinity of a transition point while cooling the sample down to a temperature where no 
10 diffraction peak was observed. The automatic temperature controller used allowed a control accuracy of ±0.3 °C at 
each measurement temperature. 

The measurement was performed by using CuKa-rays (1 .54050 A) at a power of 45 kV-100 mA as analyzing rays 
and using a slit system including DS of 0.05 mm, SS of 0.05 mm and RS of 0.05 mm. The scanning was performed at 
a rate of 3 deg./min. 

15 For the measurement of smectic layer inclination angle 5, a sample liquid crystal filling a sample cell (Cell B-2 or 

C-2 prepared above) was heated to isotropic phase and then gradually cooled. Then, the X-ray detector was set at 
the angle 29 giving the above-mentioned layer spacing d, and the sample cell was subjected to 8-scanning. From the 
measured values, Sx-ray at a prescribed measurement temperature was calculated according to the method described 
in the above-mentioned references. 

20 Incidentally, herein, the calculated layer inclination angle 8cal was a value calculated from the equation: 8cal - 

cos* 1 (dc/d TAC ) based on the layer spacings dc and d TAC measured in the above manner. 

In the above X-ray diffraction analysis, a beam size of the X-ray was appropriately decreased and a count time 
was increased, as desired, in order to measure with respect to a minute region to obtain several X-ray diffraction profiles 
(patterns) at measurement temperatures shown in Figures 9-13. 

25 Hereinbelow, results of X-ray diffraction analysis of layer structure in P1 and P2 regions with respect to the liquid 

crystal devices 2-2, 3-2 and 4-2 are explained. 

<Device 2-2> 

30 in the P1 region, as shown in X-ray diffraction profiles 11 and 12 in Figure 9, a single distinct peak was obtained 

at 0 leading to a 8x-ray of 0 degree and accordingly the 6x-ray was found to substantially show a complete bookshelf 
structure in view of the description of the references for X-ray diffraction described above. 

In the P2 region, as shown in X-ray diffraction profiles 13 and 14 in Figure 10, two distinct peaks resulting from a 
chevron structure was obtained at 0 leading to a 5x-ray. The 8x-ray was found to be substantially equal to the calculated 

35 layer inclination angle 5cal (at the same measurement temperature) calculated based on a temperature-dependence 
of a layer spacing. Further, in the P2 region, many minute alignment defects like zig-zag defects were observed although 
they were not clear and the respective X-ray diffraction peaks were a broad shape as a whole, so that it was considered 
that two chevron structures different in a bending direction of the smectic layer were co-present in the P2 region. 

40 <Device 3-2> 

In the P1 region, as shown in an X-ray diffraction profile in Figure 11 , two distinct peaks were obtained at 0 leading 
to a 5x-ray. The 5x-ray was found to be much smaller than the 5cal at the same measurement temperature. 

In the P2 region, as shown in X-ray diffraction profiles 15 and 16 in Figure 12, two distinct peaks resulting from a 
45 chevron structure was obtained at 0 leading to a 5x-ray. The 8x-ray was found to be substantially equal to the calculated 
layer inclination angle 5cal (at the same measurement temperature) calculated based on a temperature-dependence 
of a layer spacing. Further, in the P2 region, similarly as in the device 2-2, many minute alignment defects like zig-zag 
defects were observed although they were not clear and the respective X-ray diffraction peaks were a broad shape as 
a whole, so that it was considered that two chevron structures different in a bending direction of the smectic layer were 
50 co-present in the P2 region. 

<Device 4-2> 

In this device, the P1 region (wherein no minute alignment defects were observed) having a measurable area (at 
55 least several microns in diameter) was not found and accordingly the measurement was performed with respect to 
arbitrary two points. 

As shown in Figure 13, each of X-ray diffraction profiles 17 and 18 provided two broad peaks at 0 leading to a 8x- 
ray. The 8x-ray was fund to be substantially equal to the Seal at the same measurement temperature. 
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Further, similarly as in the P2 regions of the devices 2-2 and 3-2, unclear but many minute alignment defects were 
observed and a broad X-ray diffraction peak shape as a whole was obtained. Therefore, in the P2 region of this device, 
it was considered that two chevron structures different in a bending direction of the smectic layer were present in 
mixture. 

5 As described above, based on the above X-ray diffraction analysis of the layer structure of the P1 and P2 regions, 

we conclude that the P1 region is a region having a bookshelf structure or a quasi-bookshelf structure having a very 
small layer inclination angle 5x-ray (compared with 5cal) and that the P2 region is a region having a substantial layer 
inclination angle 5x-ray substantially equal to a Seal calculated based on a a temperature-dependent layer spacing 
changing characteristic and is a region having two co-present chevron structures different in a bending direction of 

10 smectic layers. 

The smectic layer structures will be described more specifically with reference to Figures 1 6A, 1 6B and 1 6C wherein 
Figure 16A shows chevron structure in a conventional liquid crystal device; Figure 16B shows an embodiment of a 
mixed layer structure of a bookshelf structure and a chevron structure in the liquid crystal device of the present invention; 
and Figure 1 6C shows another embodiment of a mixed layer structure of a bookshelf structure and a chevron structure 
*5 in the liquid crystal device of the present invention. 

Referring to Figure 16A, between a pair of substrates 161a and 161b, smectic liquid crystal layers 162a are bent 
rightward (">") at a midpoint thereof and smectic layers 162b are bent leftward ("<") at a midpoint thereof to form two- 
types of a chevron structure different in bending direction. These smectic liquid crystal layers 162a and 162b may be 
bent at an intermediate point thereof in a same (one) direction. 
20 in the liquid crystal device of the present invention, as shown in Figures 16B and 16C, smectic liquid crystal 163 

are substantially perpendicular to a pair of substrates 161a and 161b to form a bookshelf structure in a Pl-region and 
smectic liquid crystal layers 162a (and 162b) are bent at a midpoint thereof to form a chevron structure in a P2 region. 
These P1 and P2 region are co-present in an effective optical modulation region in certain areal ratios, respectively. 

In the P2 region, as shown in Figures 16B and 16C, the smectic liquid crystal layers may be bent in one direction 
25 (162a in Figure 16B) or in different directions (162a and 162b in Figure 16C). On the other hand, in the P1 region, the 
smectic liquid crystal layers 163 can have a layer inclination angle (5x-ray) smaller than a calculated layer inclination 
angle (6cal), preferably below 80 % of Seal or at most 3 degrees and can be bent so long as the 5x-ray and Seal satisfy 
the above relationship, thus forming a quasi-bookshelf structure as described hereinabove. 

30 2) Measurement of contrast ratio (C/R) 

A sample liquid crystal device was sandwiched between a pair of polarizers disposed in right-angle cross nicols 
and supplied with driving waveforms as shown in Figure 14 (Vop = 20V, 1/3.3 bias, duty factor of 1/1000). Pulse widths 
were adjusted to cause bistable switching. At a first switched state, the liquid crystal device was rotated so as to find 
35 the darkest position where the transmitted light intensity lb was measured by a photomultiplier. Then, after switching 
into a second state in such an arrangement, the light intensity I w at the brightest state was measured. From the results, 
a contrast ratio (C/R) as an evaluation factor was obtained as a ratio Iw/lb. 

Further, contrast ratios (CR) in the P1 and P2 regions were measured by concentrating beams of the X-rays on 
either the P1 region or the P2 region. 

40 

3) Measurement of M2 margin 

By using drive waveforms similar to those for measurement of contrast ratio (Figure 14, Vop = 20 V, 1/3.3 bias, 
duty factor of 1/1 000), "dark" and "bright" states were displayed while charging a voltage application time (duration) At 
45 of an applied pulse. 

At this time, when a relationship between At (At v At 2 ) and display states is shown in Figure 15, a drive margin 
parameter M2 (M2 margin) is obtained from the following formula: 

so M2 margin = (At 2 -At 1 )/(At 2 +At 1 ). 

The M2 margin measurement was performed with respect to the P1 region, the P2 region and the entire region 
including the P1 and P2 regions, respectively. 

The results of the measurements of a contrast ratio (C/R) and an M2 margin are shown in Table 2. 

55 
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As apparent from Table 2, the P1 regions provided a larger contrast ratio (C/R) and a larger M2 margin when 
compared with the corresponding P2 regions, respectively. Further, the entire contrast ratio (C/R) and the entire M2 
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margin also become large in case where the devices had a whole region including a P1 region in a larger areal ratio 
(particularly 10 % or 25 %) when compared with other devices. 

As described above, the liquid crystal devices (particularly the devices 1,2-1, 2-2, 3-1 , 3-2 and 4') having a region 
in an areal ratio at least 10 % wherein the smectic layers form a bookshelf structure or a layer inclination angle 5 (Sx- 
5 ray) is much smaller than a calculated layer inclination angle 5 (Seal) calculated based on a temperature-dependent 
layer spacing changing characteristic can effectively improve a contrast ratio (C/R) and an M2 margin. 

Experimental Example 2 

10 The liquid crystal compositions FLC-1, FLC-2 were filled into the liquid crystal cells A, B-1, B-2, C-1 and C-2 

prepared in Experimental Example 1 in the indicated combinations shown in Table 3 below and were cooled at a rate 
of 0.5 °C/min. to form liquid crystal devices. 

Then, each the liquid crystal devices was then heated to isotropic liquid temperature and cooled to room temper- 
ature (re-orientation or re-alignment) at a prescribed cooling rate while applying an electric field (rectangular waveform 

'5 of ±30 V and 1 Hz) in all the SmA temperature range to half of the devices as indicated in Table 3 to prepare liquid 
crystal devices 11-1 to 14-4 wherein the devices 12-1, 12-3, 14-1 and 14-3 (prepared in this experimental example) 
corresponded to the devices 2-1 , 2-2, 4-1 and 4-2 shown in Table 1 (for Experimental Example 1 ), respectively. 

As a result of microscope observation, in all the liquid crystal devices 11-1 to 14-4, a region (several microns to 
several hundred microns in diameter) in various shapes (generally in an elliptical shape) wherein no alignment defects 

20 were observed was confirmed. 



Table 3 



Device 


Cell No. 


Composition 


Cooling rate 


Electric field 


P1* 1 area (%) 


P2* 2 area (%) 


No. 




No. 


(°C/min) 


appln. in SmA 






11-1 


A 


FLC-1 


2 


No 


15 


85 


12-1 


A 


H 




Yes 


60 


40 


12-2 


B-1 






No 


25 


75 


12-2 


B-1 


a 




Yes 


70 


30 


12-3 


B-2 


a 




No 


25 


75 


12-4 


B-2 


a 




Yes 


70 


30 


13-1 


C-1 


FLC-2 




No 


15 


85 


13-2 


C-1 


a 




Yes 


50 


50 


13-3 


C-2 


a 




No 


15 


85 


13-4 


C-2 


a 




Yes 


50 


50 


14-1 


B-1 


FLC-2 




No 


5 


95 


14-2 


B-1 


a 




Yes 


40 


60 


14-3 


B-2 


■ 




No 


5 


95 


14-4 


B-2 


a 




Yes 


40 


60 



*1 : P1 area represents an areal ratio (%) of a region wherein no alignment defects are observed. 



*2: P2 area represents an areal ratio (%) of a region wherein minute alignment defects are observed. 

The thus-prepared liquid crystal devices were subjected to 

45 

1) layer structure analysis according to X-ray diffraction (for devices 12-4, 13-3, 13-4 and 14-4), 

2) measurement of a contrast ratio (C/R) (for all the devices), and 

3) measurement of an M2 margin, in the same manner as in Experimental Example 1 . 

^o Hereinbelow, results of X-ray diffraction analysis of layer structure in P1 and P2 regions with respect to the liquid 

crystal devices 12-4, 13-3, 13-4 and 14-4 are explained. 

<Device 12-4> 

55 The results of the device 1 2-4 were similar to those of the devices 1 2-3 (corr. to those of the device 2-2 described 

above) while having different P1/P2 areal ratios. More specifically, in the P1 region within the device 12-4, as shown 
in X-ray diffraction profiles 11 and 12 in Figure 9 for the device 12-3 (2-2), a single distinct peak was obtained at G 
leading to a 8x-ray of 0 degree and accordingly the 5x-ray was found to substantially show a complete bookshelf 
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structure in view of the description of the references for X-ray diffraction described above. 

In the P2 region, as shown in X-ray diffraction profiles 13 and 14 in Figure 10 for the device 12-3 (2-2), two distinct 
peaks resulting from a chevron structure was obtained at 0 leading to a 5x-ray. The Sx-ray was found to be substantially 
equal to the calculated layer inclination angle Seal (at the same measurement temperature) calculated based on a 
5 temperature-dependence of a layer spacing. Further, in the P2 region, many minute alignment defects like zig-zag 
defects were observed although they were not clear and the respective X-ray diffraction peaks were a broad shape as 
a whole, so that it was considered that two chevron structures different in a bending direction of the smectic layer were 
co-present in the P2 region. 

10 <Devices 1 3-3 and 1 3-4> 

The devices 13-3 and 13-4 having different P1/P2 areal ratios provided similar layer structure analysis results. 
More specifically, in the P1 region within each of the devices 13-3 and 13-4, from X-ray diffraction profiles, two distinct 
peaks were obtained at 6 leading to a 5x-ray. The 8x-ray was found to be much smaller than the corresponding 5cal 
is at the same measurement temperature. 

In the P2 region, from X-ray diffraction profiles, two distinct peaks resulting from a chevron structure was obtained 
at 8 leading to a 6x-ray. The 5x-ray was found to be substantially equal to the calculated layer inclination angle Seal (at 
the same measurement temperature) calculated based on a temperature-dependence of a layer spacing. Further, in 
the P2 region, similarly as in the device 12-4, many minute alignment defects like zig-zag defects were observed 
20 although they were not clear and the respective X-ray diffraction peaks were a broad shape as a whole, so that it was 
considered that two chevron structures different in a bending direction of the smectic layer were co-present in the P2 
region. 

<Device 14-4> 

25 

Similarly as in the devices 1 3-3 and 1 3-4, in the P1 region, two distinct peaks were obtained in an X-ray diffraction 
profile from which a layer inclination angle 5 (5x-ray) was obtained and the value of 5x-ray was much smaller than a 
value of a calculated layer inclination angle 5 (5cal) calculated based on a temperature-dependent layer spacing chang- 
ing characteristic. 

30 On the other hand, in the P2 region, from an X-ray diffraction profile, two distinct peaks resulting from a chevron 

structure were obtained at 6 leading to a 5x-ray. The Sx-ray was fund to be substantially equal to the 5cal (calculated 
layer inclination angle) at the same measurement temperature. 

Further, in the P2 region, unclear but many minute alignment defects were observed and a broad X-ray diffraction 
peak shape as a whole was obtained. Therefore, in the P2 region of this device, it was considered that two chevron 
35 structures different in a bending direction of the smectic layer were present in mixture. 

As described above, based on the above X-ray diffraction analysis of the layer structure of the P1 and P2 regions 
with respect to the above devices, we conclude that the P1 region is a region having a bookshelf structure or a quasi- 
bookshelf structure having a very small layer inclination angle 6x-ray (compared with Seal) and that the P2 region is a 
region having a substantial layer inclination angle 6x-ray substantially equal to a 6cal calculated based on a a temper- 
40 ature-dependent layer spacing changing characteristic and is a region having two co-present chevron structures dif- 
ferent in a bending direction of smectic layers. 

The results of the measurements of a contrast ratio (C/R) and an M2 margin are shown in Table 4. 
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As apparent from Table 4, the P1 regions provided a larger contrast ratio (C/R) and a larger M2 margin when 
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compared with the corresponding P2 regions, respectively. Further, the entire contrast ratio (C/R) and the entire M2 
margin also become large in case where the devices had a whole region including a P1 region in a larger areal ratio 
(particularly at least 40 %) when compared with other devices. 

As described above, the liquid crystal devices 11-1, 12-1, 12-3, 13-1, 13-3, 14-1 and 14-3 having a region in an 
s areal ratio 5 - 25 % wherein the smectic layers form a bookshelf structure or a layer inclination angle 8 (5x-ray) is much 
smaller than a calculated layer inclination angle 5 (6cal) calculated based on a temperature-dependent layer spacing 
changing characteristic can effectively improve a contrast ratio (C/R) and an M2 margin. 

Particularly, in the liquid crystal devices 11-2, 12-2, 12-4, 13-2, 13-4, 14-2 and 14-4, the P1 regions are increased 
in an areal ratio of 40 - 70 % by effecting a gradual cooling under an electric field application in all the temperature 
10 range showing SmA phase, thus further improving a contrast ratio (C/R) and an M2 margin. 

As described hereinabove, according to the present invention, there is provided a liquid crystal device, particularly 
a chiral smectic liquid crystal device wherein smectic liquid crystal layers form a first (P1) region and a second (P2) 
region as described above, so that it is possible to improve display and driving characteristics including a contrast ratio 
(C/R) and a drive margin (M2 margin) and also to suppress a lowering in contrast when driven. There is also provided 
15 a liquid crystal apparatus using the liquid crystal device providing the above improved characteristic. 



Claims 

20 1. A liquid crystal device, comprising: a pair of substrates each having thereon an electrode, and a smectic liquid 
crystal having a plurality of smectic liquid crystal layers disposed between the substrates, wherein 

said smectic liquid crystal is disposed to form a first region wherein the smectic liquid crystal layers are 
aligned to have a layer inclination angle smaller than a calculated layer inclination angle based on a temperature- 
dependent layer spacing-changing characteristic, and a second region wherein the smectic liquid crystal layers 

25 are aligned to form a chevron structure having a substantial layer inclination angle. 

2. A liquid crystal device, comprising: a pair of substrates each having thereon an electrode, and a smectic liquid 
crystal having a plurality of smectic liquid crystal layers disposed between the substrates, wherein 

said smectic liquid crystal is disposed to form a first region wherein the smectic liquid crystal layers are 
30 aligned to have a layer inclination angle smaller than a calculated layer inclination angle based on a temperature- 

dependent layer spacing-changing characteristic, and a second region wherein the smectic liquid crystal layers 
are aligned to form a chevron structure having a layer inclination angle substantially equal to a calculated layer 
inclination angle based on a temperature-dependent layer spacing-changing characteristic. 

35 3. A liquid crystal device, comprising: a pair of substrates each having thereon an electrode, and a smectic liquid 
crystal having a plurality of smectic liquid crystal layers disposed between the substrates, wherein 

said smectic liquid crystal is disposed to form a first region wherein the smectic liquid crystal layers are 
aligned in a direction substantially perpendicular to the substrates to form a bookshelf structure, and a second 
region wherein the smectic liquid crystal layers are aligned to form a chevron structure having a substantial layer 

40 inclination angle. 

4. A liquid crystal device, comprising: a pair of substrates each having thereon an electrode, and a smectic liquid 
crystal having a plurality of smectic liquid crystal layers disposed between the substrates, wherein 

said smectic liquid crystal is disposed to form a first region wherein the smectic liquid crystal layers are 
45 aligned in a direction substantially perpendicular to the substrates to form a bookshelf structure, and a second 

region wherein the smectic liquid crystal layers are aligned to form a chevron structure having a layer inclination 
angle substantially equal to a calculated layer inclination angle based on a temperature-dependent layer spacing- 
changing characteristic. 

50 5. A device according to any of claims 1 to 4, wherein said second region includes plural regions in which the smectic 
liquid crystal layers have different bending directions. 

6. A device according to any of claims 1 to 4, wherein said first region has an areal ratio of at least 10% based on 
entire optical modulation region of the device. 
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A device according to any of claims 1 to 4, wherein said first region has an areal ratio of at least 40% based on 
an entire optical modulation region. 
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8. A device according to any of claims 1 to 4, wherein said layer inclination angle in the second region is at most 7 
degrees. 

9. A device according to any of claims 1 to 4, wherein said smectic liquid crystal comprises at least one species of 
5 fluorine-containing mesomorphic compound comprising a fluorocarbon terminal portion and a hydrocarbon termi- 
nal portion, the terminal portions being connected with a central core and having a smectic phase or a latent 
smectic phase. 

10. A liquid crystal device according to Claim 9, wherein said fluorocarbon terminal portion of the fluorine-containing 
10 mesomorphic compound is a group represented by the formula -D 1 -F xa G 2xa -X, where xa is 1 - 20; X is -H or -F; 

-Di- is -CO-0-(CH 2 ) ra -, -0-(CH 2 ) ra -, -(CH 2 ) ra - ( -0-S0 2 -, -S0 2 -, -S0 2 -(CH 2 ) ra -, -0-(CH 2 ) ra -0-(CH 2 ) rb -, (CH 2 ) ra -N 
(C pa H 2pa+1 )-S0 2 - or -(CH 2 ) ra -N(C pa H 2Pa+1 )-CO-; where ra and rb are independently 1 - 20; and pa is 0 - 4. 

11. A liquid crystal device according to Claim 9, wherein said fluorocarbon terminal portion of the fluorine-containing 
15 mesomorphic compound is a group represented by the formula -D 2 (C xb F 2xb -0) 2a -C ya F 2ya+1 , where xb is 1 - 10 

independently for each (C xb F 2xb -0); ya is 1 - 10; za is 1 - 10; -D 2 - is -CO-0-C rc H 2rc , -0-C rc H 2rc -, -C rc H 2rc -, -O- 
(CsaHssa-OJta-CrdHa*-, "O^". "S0 2 - -S0 2 -C rc H 2rc -, -C rc H 2rc -N(C pb H 2pb+1 )-S0 2 -, -C rc H 2rc -N(C pb H 2pb+1 J-CO-, 
or a covalent bond, where rc and rd are independently 1 - 20; sa is independently 1 - 10 for each (C^H^O); ta 
is 1 - 6; and pb is 0 - 4. 

20 

12. A liquid crystal device according to Claim 9, wherein said fluorine-containing mesomorphic compound is repre- 
sented by the general formula (I): 

2s Formula ( I ) : 

R 1 -CA 1 )g«-I- 1 -(A 2 ) ha -L 2 -(A 3 ) la -J 1 .R 2 

A 1 - Y 1 Z 1 

A ja Y ma L na 

30 

where A 1 , A 2 and A 3 are each independently 



$ . o . ©(6) .. . 



ga, ha and ia are independently an integer of 0 - 3 with the proviso that the sum of ga+ha+ia be at least 2; 
L 1 and L 2 are each independently a covalent bond, -CO-O-, -O-CO-, -COS-, -S-CO-, -CO-Se-, -Se-CO-, -CO 
so Te-, -Te-CO-, -CH 2 CH 2 -, -CH=CH-, -C=C-, -CH=N-, -N=CH-, -CH 2 -0, -0-CH 2 -, -CO- or -O-; 

X 1 , Y 1 and Z 1 are each a substituent of A 1 , A 2 and A 3 , respectively, and each of X 1 , Y 1 and 2 1 are independently 
-H, -CI, -F, -Br, -I, -OH, -OCH 3 , -CH 3 , -CN or -N0 2 ; 
each ja, ma and na are independently an integer of 0 - 4; 

Ji is -CO-0-(CH 2 ) ra - ) -0-(CH 2 ) ra -, -(CH 2 ) B -, -0-S0 2 -, -S0 2 -, -S0 2 -(CH 2 ) ra -, -0-(CH 2 ) ra -0-(CH 2 ) rb - 1 -(CH 2 ) ra - 
55 N(C pa H 2pa+1 )-S0 2 - or -(CH 2 ) ra -N(Cp a H 2 p a+1 )-CO-; where ra and rb are independently 1 - 20, and pa is 0 - 4; 

R1 is -0-C qa H 2qa -0-C qb -0-C qb H 2qb+1( -C qa H 2qa -0-C qb H 2qb+1 , -C qa H 2qa -R 3 -0-C qa H 2qa -R 3 , -CO-0-C qa H 2qa - 
R 3 , or -0-CO-C qa H 2qa -R 3 which may be either straight chain or branched; where R 3 is -0-CO-C qb H 2qk>+1 , 
-CO-0-C qb H 2qb+1 , -H, -CI, -F, -CF 3 , -N0 2 or -CN; and qa and qb are independently 1 - 20; 
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R 2 is C xa F2x a -X, where X is -H or -F, xa is an integer of 1 - 20. 

13. A liquid crystal device according to Claim 9, wherein said fluorine-containing mesomorphic compound is repre- 
sented by the general formula (II): 

Formula ( II ) : 

R 4 -(A 4 ) gb -L 3 -(A 5 ) hb -L 4 -(A6) ib »j2. R 5 

12 '2 '2 

A jb Y mb L nb 

wherein A 4 , A 5 and A 6 are each independently 



gb, hb and ib are each independently an integer of 0 - 3 with the proviso that the sum of gb+hb+ib be at least 2; 
30 each L 3 and L 4 are independently a covalent bond, -CO-O-, -O-CO-, -CO-S-, -S-CO-, -CO-Se-, -Se-CO-, -CO- 

Te-, -Te-CO-, -(CH 2 CH 2 ) ka - (ka is 1 - 4), -CH=CH-, -C=C-, -CH=N-, -N=CH-, -CH 2 -0-, -0-CH 2 - ( -CO-or -O-; 
X 2 , Y 2 and Z 2 are each a substituent of A 4 , A 5 and A 6 , respectively, and each X 2 , Y 2 and Z 2 are independently 
-H, -CI, -F, -Br, -I, -OH, -OCH 3 , -CH 3 , -CF 3 , -0-CF 3 , -CN or -NO a ; each jb, mb and nb are independently an 
integer of 0 - 4; 

35 J 2 is -CO-0-C rc H 2rc -, -0-C rc H 2rc -, -C rc H 2rc -, -0-(C Sa H 2sa -0) ta -C rd H 2rd -, -0-S0 2 - t -S0 2 -, -S0 2 -C rc H 2rc - t 

" C rc H 2rc" N ( c pb H 2pb+i)" so 2" or ' c rc H 2rc" N ( C pb H 2pb+i )' CO- > rc and rd are independently 1 - 20; sa is independ- 
ently 1 - 10 for each (C sa H 2sa -0), ta is 1 - 6; and pb is 0 - 4; 

Ft 4 is -0-(C qc H 2qc -0) wa -C qd H 2qd+1 , -(C qc H 2qc -0) wa -C qd H 2qd+1 , -C qc H 2qc -R 6 , -0-C qc H 2qc -R 6 , -CO-0-C qc H 2qc - 
R 6 , or O-CO-C q0 H 2qc -R 6 which may be either straight chain or branched; R 6 is -0-CO-C qd H 2qd+1 ; -CO-O- 
40 c qd H 2qd+i< " Cl > " F - " CF 3> _N °2' " CN or " H ! Q c and °l d are independently an integer of 1 - 20; wa is an integer 

of 1-10; 

R 5 is (C xb F 2xb -0) za -C ya F 2 y a+1 , wherein xb is independently 1 - 10 for each (C xb F 2xb -0); ya is 1 - 10; and za 
is 1 - 10. 

45 14. A device according to any of claims 1 to 4, wherein said pair of substrates are further provided with alignment 
control layers, respectively, which have been subjected to mutually different aligning treatments. 

15. A device according to Claim 14, wherein one of said alignment control layers is subjected to a uniaxial aligning 
treatment. 

50 

16. A device according to Claim 15, wherein said uniaxial aligning treatment is a rubbing treatment. 

17. A device according to any of claims 1 to 4, wherein at least one of the substrates is further provided with an 
alignment control layer comprising a polyimide represented by the following formula (P): 
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in which 
K is 

or 

~m& ■ 

and L 12 independently denote 

or an alkylene group having 1 - 20 carbon atoms; 
M 11 is a single bond or -O-; and 
a is 0, 1 or 2. 

18. A device according to Claim 17, wherein said alignment control layers have been subjected to mutually different 
aligning treatments. 

19. A device according to Claim 17, wherein one of said alignment control layers has been subjected to a uniaxial 
aligning treatment and the other alignment control layer has not been subjected to a uniaxial aligning treatment. 

20. A device according to any of claims 1 to 4, wherein at least one of the substrates is further provided with a film 
comprising a matrix material containing fine particles doped with an electroconductivity-controlling impurity. 

21. A device according to Claim 19, wherein the other alignment control layer comprises a film comprising a matrix 
material containing fine particles doped with an electroconductivity-cont rolling impurity. 

22. A liquid crystal apparatus, including: a liquid crystal device according to any one of Claims 1 to 4 and a drive means 
for driving the liquid crystal device. 
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